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ABSTRACT 

Previous  studies  have  shown  that  in  the  vast  majority  of  land  plants  examined  to  date,  the 
chloroplast  gene  rpll6  is  interrupted  by  an  intron  (of  about  1  kilobase  in  size  in  most 
angiosperms),  but  that  in  Limonium  gmelinii  (Plumbaginaceae)  and  Geraniaceae  sensu 
stricto  the  intron  has  been  lost.  In  order  to  uncover  other  instances  of  intron  loss,  the 
complete  rpl\6  intron  and  flanking  DNA  regions  from  over  210  species,  representing  86 
families  of  angiosperms,  were  amplified  using  the  polymerase  chain  reaction  (PCR) 
technique.  We  report  the  widespread  distribution  of  the  rpl\6  intron  in  angiosperm 
chloroplast  DNAs,  and  confirm  that  the  intron  is  missing  from  the  chloroplast  genomes 
of  Erodium  chamaedryoides  and  Pelargonium  *  hortorum  (the  only  two  species  of 
Geraniaceae  included  in  our  investigation),  and  from  three  of  the  four  examined  genera  of 
Plumbaginaceae  (Armeria,  Goniolimon,  and  Limonium,  but  not  Plumbago). 
Furthermore,  we  report  that  the  intron  is  missing  from  Goodenia  ovata  and  Scaevola 
sericea,  the  only  representatives  examined  from  the  family  Goodeniaceae.  DNA 
sequencing  of  the  rpll6  intron  region  in  representatives  of  the  seven  genera  lacking  the 
intron  confirms  its  absence  and  shows  that  the  intron  has  been  precisely  removed  from  the 
gene  along  established  exon/intron  splice  sites.  Based  upon  available  phylogenetic 
information  and  distribution  of  intron  loss,  we  conclude  that  this  rare  genomic  structural 
mutation  has  occurred  independently  at  least  three  times  during  the  evolution  of  flowering 
plants. 


INTRODUCTION 

The  chloroplast  gene  rpll6,  encoding  the  ribosomal  protein  LI 6,  is  interrupted  by  an 
intron  in  many,  but  not  all,  land  plants.  DNA  sequencing  has  revealed  that  this  intron  is 
present  in  plants  spanning  diverse  evolutionary  lineages,  such  as  in  the  liverwort 
Marchantia  polymorpha  (Ohyama  et  al.,  1986),  the  gymnosperm  black  pine  (Pinus 
thunbergii;  Wakasugi  et  al.,  1994),  the  dicot  tobacco  (Nicotiana  tabacum;  Shinozaki  et 
al.,  1986),  and  the  monocots  duckweed  {Spirodela  oligorhiza\  Posno  et  al.,  1986;  Jordan 
et  al.,  1996)  and  com  (Zea  mays;  McLaughlin  and  Larrinua,  1987).  Among  these 
species,  the  intron  varies  considerably  in  length,  from  536  base  pairs  (bp)  in  Marchantia 
to  1,411  bp  in  duckweed.  In  most  angiosperms,  the  intron  is  about  1  kb  (kilobase)  in 
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size.  Based  on  heterologous  filter  hybridization  experiments  using  an  rpl\6  intron- 
specific  probe  from  tobacco  chloroplast  DNA  (cpDNA),  the  rpl\6  gene  was  deemed  to 
lack  an  intron  in  Limonium  gmelinii  (Plumbaginaceae;  Downie  and  Palmer,  1992,  1994) 
and  in  all  examined  representatives  of  the  family  Geraniaceae  (S.  Downie,  J.  Logsdon,  Jr., 
and  J.  Palmer,  in  Downie  and  Palmer,  1992). 

Owing  to  the  conservative  nature  of  chloroplast  genome  evolution  among  photosynthetic 
angiosperms,  particularly  with  regard  to  its  gene  and  intron  content,  major  structural 
rearrangements  are  relatively  rare  events  (Palmer,  1991;  Downie  and  Palmer,  1992). 
Because  of  their  infrequent  occurrence,  these  structural  mutations  usually  can  provide 
strong  evidence  of  common  ancestry  (monophyly).  Here  we  present  the  results  of  a  PCR 
survey  constructed  to  detect  the  presence  or  absence  of  the  intron  in  chloroplast  gene  rpl\6 
across  a  broad  representation  of  angiosperm  species.  Sequence  analysis  was  used  to 
confirm  the  absence  of  the  intron  when  indicated  by  the  PCR  results.  We  report  that  the 
rpll6  intron  is  a  highly  stable  component  of  angiosperm  chloroplast  genomes,  being 
absent  from  very  few  taxa. 

MATERIALS  AND  METHODS 

Over  two  hundred  and  ten  species  from  86  angiosperm  families,  representing  members  of 
all  six  subclasses  of  dicots  and  all  five  subclasses  of  monocots  (sensu  Cronquist,  1981), 
were  surveyed  for  the  presence  or  absence  of  the  16  intron  (Appendix  1).  Included  here, 
as  controls,  were  tobacco  (Nicotiana  tabacum),  previously  reported  to  contain  the  intron 
(Shinozaki  et  al.,  1986),  and  geranium  {Pelargonium  *  hortorum),  previously  reported  not 
to  contain  the  intron  (S.  Downie,  J.  Logsdon,  Jr.,  and  J.  Palmer,  in  Downie  and  Palmer, 
1992).  Total  genomic  DNAs  were  isolated  from  fresh  leaf  or  herbarium  materials  using 
the  modified  CTAB  procedure  of  Doyle  and  Doyle  (1987).  Fresh  leaves  were  obtained 
from  the  field  or  from  plants  cultivated  in  the  University  of  Illinois  greenhouse  facilities. 
For  some  species,  DNAs  were  supplied  to  us  directly. 

For  each  genomic  DNA,  the  entire  ^/16  intron  (if  present)  and  portions  of  its  flanking 
exons  and  intergenic  spacer  regions  were  PCR-amplified  using  the  pair  of  primers 
illustrated  in  Fig.  1.  Primers  were  designed  by  comparing  rpl\6  exon  2  or  rps3  sequences 
from  tobacco,  spinach,  Epifagus,  rice,  com,  and  Marchantia  and  choosing  regions  highly 
conserved  among  these  taxa.  In  tobacco  cpDNA,  the  rpl\6  intron  is  1,020  base  pairs  (bp) 
in  size,  the  3'  end  of  the  forward  primer  is  377  bp  upstream  from  the  exon  1/intron 
junction,  and  the  3'  end  of  the  reverse  primer  is  18  bp  downstream  from  the  intron/exon  2 
junction  (Shinozaki  et  al.,  1986).  The  primers  were  synthesized  by  Operon 
Technologies,  Inc.  (Alameda,  CA).  Details  of  the  amplification  reactions,  and  the  DNA 
purification  and  sequencing  strategies  used,  were  the  same  as  outlined  in  Downie  and 
Katz-Downie  (1996)  with  the  only  exception  being  a  reduction  in  the  volume  of  each 
reaction  (25  |il  instead  of  100  |li1)  in  the  PCR  survey.  The  ensuing  PCR  fragments  were 
separated  by  electrophoresis  in  1  %  agarose  gels,  stained  with  ethidium  bromide,  and  sized 
against  £c6>RI///mdin-digested  lambda  DNA  standards.  Each  set  of  reactions  was 
monitored  by  the  inclusion  of  positive  (tobacco  and  geranium  cpDNAs,  each  with  and 
without  the  intron,  respectively)  and  negative  (no  template)  controls.  Successful  PCR 
amplifications  resulted  in  a  single  DNA  band  of  about  1,400  bp  when  the  intron  was 
present  (Fig.  1  A),  or  about  400  bp  when  the  intron  was  absent  (Fig.  IB).  To  confirm  the 


3 


suspected  loss  and  precise  excision  of  the  rpl\6  intron,  the  small-sized  (i.e.,  400  bp)  PCR 
fragments  were  sequenced  using  the  rpl\6  exon  2  primer. 

RESULTS  AND  DISCUSSION 

Our  survey  revealed  two  major  size  categories  of  PCR  products — one  corresponding  to  the 
presence  of  the  rp/16  intron  (1,400  bp)  and  the  other  corresponding  to  its  loss  (400  bp). 
For  those  species  possessing  the  intron,  detectable  size  variation  was  evident  in  only  ten 
species,  differing  from  the  tobacco  PCR  fragment  by  about  200  bp  or  less.  As  discussed 
in  Doyle  et  al.  (1995),  most  of  the  group  II  introns  present  in  cpDNA  (such  as  the  rpl\() 
intron)  are  within  a  few  hundred  bp  of  the  minimum  size  (ca.  500  bp)  required  for  intron 
splicing.  Thus,  other  than  the  loss  of  the  entire  intron  itself,  major  deletions  within  the 
intron  are  not  expected. 

Our  PCR  experiments  indicated  that  most  of  the  210  angiosperms  examined  contained  an 
intron  in  chloroplast  gene  rpl\6.  Introns  are  highly  conserved  elements  of  land  plant 
chloroplast  genomes  so  it  is  not  surprising  that  we  delected  the  rpl\6  intron  in  all  but 
three  of  the  86  families  surveyed.  A  previous  investigation,  encompassing  88  species  (36 
families)  from  subclass  Asteridae  and  an  additional  123  species  from  all  other  subclasses 
of  monocots  and  dicots,  revealed  the  near  ubiquity  of  the  rpl\6  intron  in  angiosperm 
cpDNAs  when  assayed  using  an  intron-specific  probe  (Downie  and  Palmer,  1992). 

On  the  basis  of  our  PCR  experiments,  the  intron  was  inferred  to  be  absent  in  both 
examined  species  of  Geraniaceae  (Erodium  chamaedryoides  and  Pelargonium  *  hortorum), 
both  examined  species  of  Goodeniaceae  (Goodenia  ovata  and  Scaevola  sericea),  and  four  of 
the  five  examined  species  of  Plumbaginaceae  {Armeria  maritima,  Goniolimon  tataricum, 
Limonium  gmelinii,  and  Limonium  latifolium,  but  not  Plumbago  auriculata\  Table  1). 
The  absence  of  the  intron  in  Limonium  gmelinii  and  Pelargonium  cpDNAs  corroborates 
the  results  of  earlier  blot-hybridization  studies  using  an  rpl\6  intron-specific  probe 
(Downie  and  Palmer,  1992,  1994).  DNA  sequencing  of  the  rpl\6  region  in  Erodium, 
Pelargonium,  Goodenia,  Scaevola,  Armeria,  Goniolimon,  and  Limonium  gmelinii 
confirmed  that  the  intron  is  indeed  missing  from  these  taxa.  Furthermore,  these  sequence 
data  showed  that  the  rpll6  gene  has  undergone  a  precise  deletion  of  the  intron,  with  the 
two  remaining  exons  juxtaposed  into  a  single,  uninterrupted  gene.  This  excision 
coincides  precisely  with  established  splice  sites  for  group  II  introns  (Michel  et  al.,  1989) 
and  leads  to  the  union  of  the  two  coding  regions.  This  precise  excision  of  an  intron  has 
been  reported  from  other  chloroplast  genes  (Hiratsuka  et  al.,  1989;  Downie  et  al.,  1991; 
Freyer  et  al.,  1995;  Doyle  et  al.,  1995;  Wallace  and  Cota,  1996).  The  mechanism  of 
intron  loss  is  speculative,  but  might  involve  reverse  transcription  of  the  spliced  RNA 
followed  by  reintegration  into  the  chloroplast  genome  at  precisely  the  same  location 
(Hiratsuka  et  al.,  1989;  Downie  et  al.,  1991). 

Angiosperm  families  Geraniaceae,  Goodeniaceae,  and  Plumbaginaceae  are  placed  by 
Cronquist  (1981)  in  three  different  subclasses  (Rosidae,  Asteridae,  and  Caryophyllidae, 
respectively;  Appendix  1).  These  families  are  distantly  related  to  one  another  in  systems 
of  classification  based  largely  on  morphology  (e.g.,  Cronquist,  1981)  and  in  phylogenies 
based  on  cpDNA  rbcL  gene  sequences  (e.g..  Chase  et  al.,  1993).  Thus,  based  on  these 
traditional  and  molecular  data,  we  infer  that  the  rpl\6  intron  has  been  lost  at  least  three 
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times  independently  during  the  evolution  of  the  flowering  plants.  Although  shared 
structural  mutations  can  provide  strong  evidence  of  common  ancestry,  it  is  apparent  that 
similar  rearrangements,  such  as  the  loss  of  the  rpl\6  intron,  can  occur  in  parallel. 

Herein  we  present  the  phylogenetic  significance  of  each  of  these  three  instances  of  intron 
loss.  The  family  Geraniaceae,  as  defined  by  Cronquist  (1981),  consists  of  1 1  genera  and 
about  700  species.  Using  a  blot-hybridization  approach  and  an  rpll6  intron-specific 
probe,  Downie  and  Palmer  (1992),  citing  unpublished  results  by  S.  Downie,  J.  Logsdon 
Jr.,  and  J.  Palmer,  reported  that  this  intron  is  missing  from  Geraniaceae  representatives 
Monsonia  (2  examined  species),  Erodium  (2  species  including  E.  chamaedryoides), 
Geranium  (3  species),  Sarcocaulon  (3  species),  and  Pelargonium  (34  species  including  P. 
*  hortorum).  These  five  genera  comprise  the  tribe  Geranieae  (or  Geraniaceae  sensu 
stricto),  a  well  marked  natural  group  (Price  and  Palmer,  1993).  The  shared  loss  of  the 
rpll6  intron  in  all  examined  members  of  this  group  supports  its  monophyly.  The 
remaining  six  genera,  encompassing  about  25  species  altogether,  have  sometimes  been 
segregated  into  as  many  as  four  distinct  families  (Cronquist,  1981).  On  the  basis  of  rbcL 
sequence  comparisons,  two  of  these  segregate  genera,  Wendtia  and  Viviania,  are  clearly 
excluded  from  the  Geraniaceae  (Price  and  Palmer,  1993).  Relationships  of  the  remaining 
four  genera  {Biebersteinia,  Rhynchotheca,  Dirachma,  and  Balbisia)  have  yet  to  be 
examined  using  rbcL  sequences.  The  distribution  of  the  rpl\6  intron  in  these  six 
segregate  taxa  has  not  been  determined. 

The  family  Goodeniaceae  is  of  tropical  and  subtropical  distribution  and  consists  of  about 
14  genera  and  300  species,  with  the  two  largest  genera  being  Goodenia  and  Scaevola 
(Cronquist,  1981).  The  one  species  examined  from  each  of  these  genera  lacks  the  intron. 
Additional  representatives  from  the  family  should  be  investigated  for  intron  loss. 

The  family  Plumbaginaceae  consists  of  about  a  dozen  genera  and  some  400  species,  and  is 
widely  distributed  (Cronquist,  1981).  Two  subfamilies  are  traditionally  recognized, 
Armerioideae  and  Plumbaginoideae,  with  Plumbago  being  the  only  examined 
representative  of  the  latter.  The  presence  of  the  rpl\6  intron  in  Plumbago  auriculata  but 
not  in  Armeria,  Goniolimon  or  Limonium  cpDNAs  identifies  a  major  dichotomy  in 
Plumbaginaceae;  the  distribution  of  the  intron  may  coincide  with  traditional  subfamilial 
circumscriptions.  Like  in  the  Geraniaceae  and  Goodeniaceae,  the  distribution  of  rpl\6 
intron  in  this  family  needs  to  be  assessed  more  critically. 

Despite  evolution  in  parallel,  the  loss  of  the  rp/lb  intron  can  be  used  as  a  molecular 
character  in  each  of  the  families  in  which  it  has  occurred.  As  sampling  is  expanded  and 
the  evolutionary  relationships  within  each  of  these  three  families  better  understood,  the 
utility  of  these  intron  loss  characters  in  demarcating  monophyletic  groups  can  be  more 
readily  ascertained. 
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Table  1.  Species  without  an  intron  in  chloroplast  gene  rp/16.  Asterisks  denote  those 
species  whose  intron  absence  has  been  confirmed  by  DNA  sequencing. 


Geraniaceae® 

Erodium  chamaedryoides  L'Her.* 
Pelargonium  *  hortorum  L.  H.  Bailey* 

Goodeniaceae 

Goodenia  ovata  Smith* 

Scaevola  sericea  Vahl* 

Plumbaginaceae 

Armeria  maritima  Willd.  * 

Goniolimon  tataricum  (L.)  Boiss.  * 
Limonium  gmelinii  Kuntze* 
Limonium  latifolium  Kuntze 


“S.  Downie,  J.  Logsdon  Jr.,  and  J.  Palmer  report  in  Downie  and  Palmer  (1992),  on  the 
basis  of  filter  hybridizations  using  an  rp/16-intron  specific  probe,  that  cpDNAs  from 
Geraniaceae  genera  Monsonia  (2  species),  Erodium  (2  species).  Geranium  (3  species), 
Sarcocaulon  (3  species),  and  Pelargonium  (34  species)  do  not  have  the  rp/16  intron. 
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Appendix  1.  Angiosperms  surveyed  for  the  presence  or  absence  of  the  chloroplast  DNA 
rpl\6  intron.  System  of  classification  follows  that  of  Cronquist  (1981); 
subclass  names  are  boldfaced.  Voucher  information  and  sources  of  plant 
material  are  available  upon  request. 


MAGNOLIOPSIDA  (DICOTYLEDONS) 
Asteridae 
Acanthaceae 

Graptophyllum  pictum  Griff. 

Apocynaceae 

Amsonia  tabernaemontana  Walter 
Apocynum  sibiricum  Jacq. 

Aspidosperma  myristicifolium  Markgr. 
Nerium  oleander  L. 

Vinca  minor  L. 

Asclepiadaceae 
Asclepias  curassavica  L. 

Asteraceae 

Barnadesia  caryophylla  (Veil.)  S.  F.  Blake 
Lactuca  sativa  L. 

Bignoniaceae 

Campsis  radicans  (L.)  Seemann. 

Paulownia  tomentosa  (Thunb.)  Steudel 
Boraginaceae 
Borago  officinalis  L. 

Mertensia  virginica  (L.)  Pers. 

Myosotis  sylvatica  Hoffm. 

Calyceraceae 
Boopis  sp. 

Calycera  sympaganthera  Kuntze 
Gamocarpha  poeppigii  DC. 
Campanulaceae 
Campanula  garganica  Ten. 

Lobelia  mildbraedii  Engl.,  +  4  other  species 
Caprifoliaceae 
Kolkwitzia  amabilis  Graebn. 

Sambucus  canadensis  L. 

Symphoricarpos  albus  (L.)  S.  F.  Blake 
Convolvulaceae 
Calystegia  sepium  (L.)  R.  Br. 

Convolvulus  arvensis  L. 

Dipsacaceae 
Dipsacus  sylvestris  Huds. 

Gentianaceae 
Gentiana  saponaria  L. 

Obolaria  virginica  L. 

Goodeniaceae 
Goodenia  ovata  Smith 
Scaevola  sericea  Vahl 
Hydrophyllaceae 
Hydrophyllum  virginianum  L. 

Lamiaceae 

Teucrium  canadense  L. 

Loganiaceae 

Gelsemium  sempervirens  (L.)  Aiton  f. 


Menyanthaceae 
Menyanthes  trifoliata  L. 

Nymphoides  thunbergiana  Kuntze 
Villarsia  exaltata  F.  Muell.,  +  9  other  species 
Myoporaceae 

Myoporum  acuminatum  R.  Br. 

Oleaceae 

Forsythia  ovata  Nakai 
Fraxinus  americana  L. 

Syringa  vulgaris  L. 

Pedaliaceae 

Proboscidea  louisiana  (Miller)  Thell. 
Plantaginaceae 
Plantago  lanceolata  L. 

Rubiaceae 
Galium  boreale  L. 

Rubia  tinctorum  L. 

Scrophulariaceae 
Digitalis  purpurea  L. 

Solanaceae 
Nicotiana  tabacum  L. 

Verbenaceae 
Callicarpa  americana  L. 

Caryophyllidae 

Aizoaceae 

Monilaria  moniliformis  (Thunb.)  H.  D. 

Ihlenf.  &  S.  Jbrg. 

Tetragonia  tetragonioides  (Pall.)  Kuntze 
Amaranthaceae 

Altemanthera  dentata  (Moench)  Scheygrond 
Amaranthus  tricolor  L.,  +  2  other  species 
Celosia  argentea  L. 

Basellaceae 

Anredera  cordifolia  (Ten.)  Steenis 
Cactaceae 

Pereskia  grandifolia  Haw. 

Caryophyllaceae 
Agrostemma  githago  L. 

Corrigiola  littoralis  L. 

Lychnis  coronaria  (L.)  Desr. 

Lychnis  chalcedonica  L. 

Chenopodiaceae 
Archiatriplex  nanpinensis  Chu 
Beta  vulgaris  L. 

Camphorosma  monspeliaca  L. 

Ceratoides  lanata  (Pursh)  J.  T.  Howell 
Chenopodium  album  L. 

Grayia  spinosa  (Hook.)  Moq. 

Hablitzia  thamnoides  Marsch. 

Sarcobatus  vermiculatus  (Hook.)  Torr. 
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Spinacia  oleracea  L. 

Didiereaceae 

Alluaudia  montagnacii  Rauh 
Didierea  madagascariensis  Baillon 
Molluginaceae 
Mollugo  verticilliata  L. 

Nyctaginaceae 
Bougainvillea  glabra  Choisy 
Mirabilis  nyctaginea  (Michx.)  MacMill. 
Phytolaccaceae 
Petiveria  alliacea  L. 

Phytolacca  americana  L. 

Stegnosperma  halimifolium  Benth. 
Plumbaginaceae 
Armeria  maritima  Willd. 

Goniolimon  tataricum  (L.)  Boiss. 
Limonium  gmelinii  Kuntze 
Limonium  latifolium  Kuntze 
Plumbago  auriculata  Lam. 
Polygonaceae 

Polygonum  caespitosum  Blume 
Portulacaceae 

Calandrinia  ciliata  (Ruiz  &  Pav.)  DC. 
Claytonia  perfoliata  Donn 
Portulaca  oleracea  L. 

Portulaca  umbraticola  Kunth. 
Dilleniidae 
Begoniaceae 

Begonia  *  semperflorens-cultorum 
Bixaceae 
Bixa  Orellana  L. 

Brassicaceae 
Brassica  rapa  L. 

Caricaceae 
Carica  papaya  L.  'Solo' 

Cucurbitaceae 

Cucurbita  moschata  (Duchesne)  Poir. 
Datiscaceae 
Datisca  glome  rata  Baill. 

Droseraceae 
Drosera  sp. 

Flacourtiaceae 
Flacourtia  inermis  Roxb. 

Oncoba  spinosa  Forssk. 

Fouquieriaceae 
Fouquieria  splendens  Engelm. 
Malvaceae 

Gossypium  hirsutum  L. 

Nepenthaceae 
Nepenthes  sp. 

Paeoniaceae 
Paeonia  lactiflora  Pall. 

Passifloraceae 
Passiflora  incamata  L. 

Primulaceae 
Anagallis  arvensis  L. 

Salicaceae 


Populus  deltoides  Marshall 
Salix  amygdaloides  Andersson 
Sarraceniaceae 
Sarracenia  sp. 

Violaceae 

Viola  dissecta  Ledeb.  var.  chaerophylloides 
(Regel)  Makino. 

Hamamelidae 
Ulmaceae 
Ulmus  americana  L. 

Magnoliidae 
Aristolochiaceae 
Aristolochia  durior  Hill 
Asarum  canadense  L. 

Berberidaceae 
Podophyllum  peltatum  L. 

Magnoliaceae 
Liriodendron  tulipifera  L. 

Ranunculaceae 
Aquilegia  canadensis  L. 

Caltha  palustris  L. 

Saururaceae 
Saururus  cemuus  L. 

Winteraceae 

Drimys  winteri  J.  R.  &  G.  Forster 
Rosidae 
Apiaceae 

Coriandrum  sativum  L. 

Daucus  carota  L.,  +  numerous  other  genera 
Balsaminaceae 
Impatiens  balsamina  L. 

Cornaceae 

Aucuba  japonica  Thunb. 

Comus  florida  L. 

Euphorbiaceae 
Acalypha  hispida  Burm.  f. 

Euphorbia  milii  Des  Moul. 

Fabaceae 

Acacia  farnesiana  L.,  +  17  other  species 
Caesalpinia  pulcherrima  (L.)  Sw. 

Glycine  max  (L.)  Merr. 

Lablab  purpureus  L. 

Lysiloma  sp. 

Medicago  sativa  L.,  +  9  other  species 
Phaseolus  vulgaris  L. 

Pisum  sativum  L. 

Pithecellobium  saman  (Jacq.)  Benth. 
Trifolium  repens  L. 

Geraniaceae 

Erodium  chamaedryoides  L'Her. 
Pelargonium  *  hortorum  L.H.  Bailey 
Grossulariaceae 

Escallonia  rubra  (Ruiz  &  Pav.)  Pers. 
Hydrangeaceae 
Hydrangea  sp. 

Linaceae 

Unum  usitatissimum  L. 
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Malpighiaceae 

Banisteriopsis  caapi  (Griseb.)  Morton 
Onagracaceae 
Fuchsia  hybrida  Voss 
Oenothera  macrocarpa  Nutt. 
Oxalidaceae 
Oxalis  stricta  L. 

Pittosporaceae 

Pittosporum  tobira  (Thunb.)  Ait. 
Punicaceae 
Punica  granatum  L. 

Rosaceae 

Agrimonia  gryposepala  Wallr. 
Alchemilla  vulgaris  L. 

Amelanchier  canadensis  (L.)  Medikus 
Duchesnea  indica  (Andrews)  Focke 
Fragaria  virginiana  Duchesne 
Geum  aleppicum  Jacq. 

Gillenia  trifoliata  Moench 
Physocarpus  opulifolius  (L.)  Maxim. 
Potentilla  anserina  L. 

Prunus  serotina  Ehrh. 

Rosa  sp. 

Rubus  odoratus  L. 

Sanguisorba  canadensis  L. 

LILIOPSIDA  (MONOCOTYLEDONS) 
Alismatidae 
Alismataceae 


Sagittaria  latifolia  Willd. 

Arecidae 

Araceae 

Spathiphyllum  floribundum  N.  E.  Br. 
Symplocarpus  foetidus  (L.)  Nutt. 
Commelinidae 
Commelinaceae 
Commelina  tuberosa  L. 

Poaceae 
Avena  sativa  L. 

Secale  cereale  L. 

Triticum  aestivum  L. 

Zea  mays  L. 

Typhaceae 
Typha  latifolia  L. 

Liliidae 
Iridaceae 
Iris  sp. 

Liliaceae 
Allium  cepa  L. 

Erythronium  albidum  Nutt. 

Muscari  botryoides  (L.)  Miller 
Narcissus  pseudonarcissus  L. 

Tulipa  sp. 

Pontederiaceae 

Eichhornia  crassipes  (Martius)  Solms-Laub. 
Zingiberidae 
Bromeliaceae 
Tillandsia  usneoides  (L.)  L. 
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Figure.  1.  Structural  organization  of  the  rpl\6  gene  and  flanking  DNA  regions.  Coding 
regions  are  indicated  by  shaded  boxes;  the  rpl\6  intron  is  indicated  by  an  open 
box.  Scale  units  are  in  kilobase  pairs  (kb).  (A)  In  tobacco  and  the  vast 

majority  of  angiosperms  chloroplast  DNAs  examined,  the  rpll6  gene  is 
interrupted  by  an  intron  of  about  1.0  kb.  The  two  arrows  indicate  the 
placements  and  relative  positions  of  the  forward  and  reverse  PCR  primers  used 
to  assess  the  presence  or  absence  of  the  intron.  When  the  intron  is  present, 
the  resultant  PCR  product  is  approximately  1,400  bp  in  size.  (B)  WTien  the 
intron  is  absent,  such  as  in  geranium  cpDNA,  the  resultant  PCR  product  is 
reduced  by  the  size  of  the  intron  and  is  about  400  bp  in  size.  Forward  and 
reverse  primer  sequences,  written  5'  to  3',  are  TTTCCTTTCGAAAAGCAATG 
and  TCTTCCTCTATGTTGTTTACG,  respectively. 
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ABSTRACT 

Ulmus  rubra  Muhl.  (slippery  elm)  is  the  dominant  woody  understory  species  of  many 
mesic  forests  of  east-central  Illinois.  Most  slippery  elm  seedlings  and  small  saplings  are 
sprouts  from  horizontal  roots  that  grow  in  the  top  5  cm  of  the  soil.  Of  the  specimens 
examined  the  horizontal  roots  were  between  6  and  457  cm  long,  and  with  one  to  31 
sprouts.  These  sprouts,  which  were  usually  less  than  1  m  tall,  ranged  from  one  to  nine 
years  in  age.  The  sprouts  only  rarely  develop  into  larger  saplings. 

INTRODUCTION 

Ulmus  rubra  Muhl.  (slippery  elm)  is  a  common  species  of  deciduous  forests  throughout 
most  of  eastern  United  States  (Braun  1950,  Gleason  and  Cronquist  1991).  Prior  to 
European  settlement  elms  were  common  in  many  Illinois  forests  (Kilbum  1959,  Ebinger 
1986,  1987,  Rodgers  and  Anderson  1979).  Presently  elms,  particularly  slippery  elm,  are 
still  common  in  the  overstory.  In  the  uplands  of  Hart  Memorial  Woods,  Champaign 
County,  slippery  elm  ranked  third  in  importance  value  (IV),  and  dominated  the  smaller 
diameter  classes  (Johnson  et  al.  1978).  Similar  results  were  obtained  for  Funk  Forest 
Natural  Area,  part  of  an  extensive  prairie  grove  in  McLean  County,  where  slippery  elm 
ranked  sixth  in  IV  (Cox  et  al.  1972).  Surveys  in  other  mesic  forests  throughout  central 
Illinois  indicate  a  continued  importance  of  slippery  elm  in  the  overstory  (Boggess  and 
Bailey  1964,  McClain  and  Ebinger  1968,  Pelz  and  Rolfe  1977).  All  of  these  forests  are 
located  in  the  southern  part  of  the  Grand  Prairie  Section  of  the  Grand  Prairie  Division  in 
central  Illinois  (Schwegman  1973). 

In  dry-mesic  and  mesic  forests  of  central  Illinois,  slippery  elms  are  among  the  dominant 
members  of  the  understory  (Adams  and  Anderson  1980).  In  some  mesic  forests, 
pairticularly  in  east-central  Illinois,  it  is  one  of  the  three  most  abundant  woody  understory 
species  along  with  Acer  saccharum  Marsh,  (sugar  maple)  and  Fraxinus  americana  L. 
(white  ash).  At  Hart  Memorial  Woods,  Champciign  County,  slippery  elm  dominated  the 
seedling  and  sapling  categories,  accounting  for  about  one-third  of  the  tree  seedlings  (Root 
et  al.  1971,  Johnson  et  al.  1978).  Similar  results  were  obtained  for  Baber  Woods  Nature 
Preserve  in  Edgar  County  (Newman  and  Ebinger  1985),  Sullivan  Woods  in  Moultrie 
County  (Baumgartner  et  al.  1992),  Sargent  Woods  in  Coles  County  (Ebinger  1968),  and 
Walnut  Point  State  Park  in  Douglas  County  (Ebinger  et  al.  1977). 
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While  surveying  the  understory  of  some  of  these  forests,  the  authors  observed  that  many 
of  the  slippery  elm  seedlings  and  small  saplings  originated  from  a  horizontal  root  system. 
The  only  reference  found  that  describes  slippery  elm  root  sprout  development  is  Curtis 
(1959):  "The  seedlings,  however,  have  developed  a  very  unusual  ability  to  send  out  long 
rhizomes  with  erect  branches  at  their  tips.  Each  aerial  stem  may  be  12  to  20  inches  high. 
The  plants  may  eventually  form  a  cluster  of  30  or  more  such  stems."  The  present  study 
was  undertaken  to  determine  the  extent  of  slippery  elm  root  sprout  formation  in  the 
understory  of  some  mesic  forests  in  east-central  Illinois. 

MATERIALS  AND  METHODS 

During  the  summer  of  1995  slippery  elm  sprouts  were  randomly  selected  from  along 
transects  in  three  mature  forests  communities  in  east-central  Illinois  (Baber  Woods, 
Walnut  Point  State  Park,  Sullivan  Woods).  Soil  was  moved  away  from  each  sprout 
exposing  the  entire  horizontal  root  system  for  removal.  The  root  system  was  then  laid  on 
a  piece  of  plastic  and  measured  (cm).  The  number  of  sprouts  along  the  root  were  counted, 
measured,  and  a  small  basal  section  of  each  sprout  removed  and  aged. 

In  the  early  summer  of  1996,  the  woody  understory  composition  and  density  (stems/ha)  at 
the  Baber  Woods  Nature  Preserve  was  determined  using  nested  circular  plots  1  m^,  10  m^, 
and  100  m^  in  size.  This  forest  was  divided  into  quadrats  50  m  on  a  side  during  the 
original  survey  by  McClain  and  Ebinger  (1968).  Two  sets  of  nested  quadrats  were 
located  in  each  of  these  large  quadrats  by  blind-throwing  a  marker  from  opposite  comers 
of  the  quadrat.  Four  additional  1  m^  circular  plots  were  located  5  m  to  the  north,  east, 
south  and  west  of  each  center.  Seedlings  (<50  cm  tall)  and  all  shmbs  were  counted  in  the 
1  m^  circular  plots,  small  saplings  (>50  cm  tall  and  ^.5  cm  dbh)  were  recorded  in  the  10 
m^  circular  plots,  and  larger  saplings  (2.5-10.0  dbh)  were  tallied  in  the  100  m^  circular 
plots.  Saplings  were  divided  into  2.5  cm  diameter  size  classes.  Nomenclature  follows 
Mohlenbrock  (1986). 


RESULTS  AND  DISCUSSION 

At  Baber  Woods  Nature  Preserve,  a  mesic  forest  located  on  the  terminal  moraine  of 
Wisconsin  glaciation  in  Edgar  County,  Illinois  (T12N  R13W  S18),  slippery  elm  ranked 
second  in  seedling  density  (7,629  stems/ha)  and  first  in  sapling  density,  dominating  the 
small  sapling  category  (Table  1).  In  the  overstory  slippery  elm  ranked  seventh  with  an 
IV  of  9.9,  averaged  22.2  stems/ha,  with  an  average  diameter  of  15.7  cm  (Newman  and 
Ebinger  1985).  Nearly  all  of  the  seedlings  and  many  of  the  small  saplings  (individuals  to 
about  100  cm  tall)  were  sprouts  from  horizontal  root  systems.  More  than  95%  of  the 
individuals  examined  were  attached  to  a  horizontal  root.  These  horizontal  roots  were 
usually  less  than  10  mm  in  diameter  and  with  lengths  up  to  457  cm  (Table  2).  Of  the  30 
examined,  the  horizontal  roots  averaged  78  cm  in  length,  with  5.5  sprouts  that  were  rarely 
longer  than  100  cm.  Most  of  the  sprouts  were  relatively  short-lived,  averaged  3.6  years 
in  age,  with  none  exceeding  nine  years.  No  horizontal  roots  were  found  that  had  larger 
saplings  attached  probably  because  the  root  connection  had  become  broken. 
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Similar  results  were  obtained  at  Walnut  Point  State  Park,  a  mesic  oak-  hickory  forest  on 
the  uplands  adjacent  to  the  Embarrass  River  in  Douglas  County,  Illinois  (T14N  RlOE 
SI).  Slippery  elm  ranked  second  in  seedlings  (3,336  stems/ha),  first  in  saplings  (6,425 
stems/ha),  and  seventh  in  overstory  IV,  where  it  averaged  26.5  stems/ha  with  an  average 
diameter  of  15.5  cm  (Ebinger  et  al.  1977).  All  of  the  slippery  elms  examined  were 
sprouts  from  horizontal  roots.  These  horizontal  root  systems  had  a  average  length  of  125 
cm  with  one  454  cm  long  (Table  2).  Root  sprouts  averaged  5.3  per  root,  had  an  average 
length  of  43.2  cm  and  varied  from  two  to  eight  years  in  age,  with  an  average  of  4.5. 

Slippery  elm  was  also  common  at  Sullivan  Woods,  a  dry-mesic  forest  located  on  the 
relatively  flat  uplands  of  the  Kaskaskia  River  drainage  about  100  m  from  the  Shelby  ville 
Reservoir,  Moultrie  County,  Illinois  (T13N  R5E  S36).  In  this  oak-hickory  forest, 
slippery  elm  dominated  the  understory  with  9,630  seedling/ha  and  5,332  saplings/ha.  In 
the  overstory  it  ranked  fourth  in  IV,  averaged  33.4  stems/ha  with  an  average  diameter  of 
13.1  cm  (Baumgartner  et  al.  1992).  The  horizontal  roots  of  slippery  elm  averaged  58.6 
cm  in  length  with  an  average  of  3.9  sprouts  (Table  2).  These  sprouts  averaged  34.6  cm 
in  height,  and  averaged  1.9  years  in  age  with  none  more  than  4  years  old.  The  maximum 
age  of  four  years  is  probably  due  to  a  ground  fire  that  occurred  in  the  woods  during  the 
spring  of  1991. 

It  appears  that  most  of  the  seedlings  and  small  saplings  (less  than  1  m  tall)  of  slippery 
elm  present  in  many  east-central  Illinois  forests  represent  sprouts  from  extensive 
horizontal  root  systems.  Although  small  one-year  old  seedlings  were  encountered,  few 
seem  to  survive.  Some  of  the  larger  saplings  (2.5  cm  dbh  and  above)  probably  developed 
from  horizontal  root  systems,  but  only  rarely  was  this  observed. 
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Table  1 . 


Density  (stems/ha)  of  the  seedlings  and  saplings  (by  diameter  classes)  of  the 
woody  understory  at  Baber  Woods  Nature  Preserve,  Edgar  County,  Illinois  in 


1996. 


Species 

SEEDLINGS 

<50  cm  tall 
stems/ha 

SAPLINGS 
>50  cm  tall 
<2.5  cm  dbh 
stems/ha 

LARGE  SAPLINGS 

2.6-5.0  5. 1-7.5  7.6-10.0 

cm  dbh  cm  dbh  cm  dbh 

stems/ha  stems/ha  stems/ha 

Acer  saccharum 

17822 

919 

381 

118 

61 

Ulmus  rubra 

7629 

1605 

70 

23 

15 

Carya  spp. 

1983 

32 

1 

2 

— 

Prunus  serotina 

1564 

48 

5 

— 

— 

Asimina  triloba 

1032 

798 

34 

2 

— 

Fraxinus  spp. 

419 

32 

— 

2 

— 

Ulmus  americana 

387 

16 

13 

4 

4 

Others  (14) 

1737 

16 

4 

3 

3 

Totals 

32573 

3466 

508 

154 

83 

Table  2.  Average  horizontal  root  length,  average  number  of  sprouts  per  root,  and  length 
and  age  of  root  sprouts  of  slippery  elm  individuals  in  the  understory  of  three 
forests  in  east-central  Illinois.  The  maximum  and  minimum  of  each  average  is 
shown  in  parenthesis. 


Site 

Horizontal  Root 
Length  (cm) 

Number  of 
Root  Sprouts 

Root  Sprout 
Length  (cm) 

Age  of  Root 
Sprouts 

Baber  Woods  n=30 

78.1 

5.5 

42.1 

3.6 

(Edgar  Co.) 

(6-457) 

(1-31) 

(6-105) 

(1-9) 

Walnut  Point  n=7 

125.0 

5.3 

43.2 

4.5 

(Douglas  Co.) 

(15-454) 

(1-13) 

(11-98) 

(2-8) 

Sullivan  Woods  n=10 

58.6 

3.9 

34.6 

1.9 

(Moultrie  Co.) 

(16-162) 

(1-13) 

(9-84) 

(1-4) 

•j 
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ABSTRACT 

Six  new  genetic  variants,  extending  the  described  genome  of  Collinsia  heterophylla  Buist. 
(2N=  14)  to  over  one  hundred  gene  loci,  are:  (1)  carpophyllous,  cp,  with  fused  leaf  pairs 
terminating  the  growth  of  main  axis;  (2)  umbellate,  la,  with  tetra-  and/or  hexamerous 
whorls  of  vegetative  leaves  and  an  umbellate  inflorescence  of  6-30  flowers;  (3)  dwarf,  dw, 
with  a  3.5-7  cm  long  stem;  (4)  fringed, /r,  with  deeply  cut  leaf  margin;  (5)  semidominant 
mottling,  M,  with  leaves  densely  sprinkled  with  whitish  streaks;  (6)  green  variegation, 
vag,  with  light-green  and  dark-green  sectored  leaves,  controlled  by  a  reversible  recessive 
nuclear  gene  transferable  to  the  offspring  through  male  and  female  gametes.  In  addition, 
two  new  alleles  of  the  vao  (orange  variegation)  locus  are  reported:  (1)  vao^  allele  (in  stable 
and  reversible  form),  and  (2)  vao",  a  nonreversible  allele  producing  nearly  white  (alba) 
cotyledons  and  leaves  or  orange  cotyledons  and  leaves  with  a  white  margin.  Finally,  an 
additional  allele,  z^,  of  the  toothless  (z,  zahnlos)  locus,  has  been  identified,  causing,  in 
homozygotes,  complete  adaxial  fusion  (clasping)  of  cotyledons  thus  precluding  stem 
formation. 


INTRODUCTION 

Ongoing  efforts  to  find  more  genetic  variants  of  Collinsia  heterophylla  Buist. 
(Scrophulariaceae),  to  be  applied  in  studies  of  genetic  homologies  between  21  species  of 
the  genus  Collinsia  Nutt.,  have  been  rewarded  by  encountering  nine  new  mutants  (in 
cultures  grown  in  a  greenhouse  without  use  of  mutagens).  Six  of  the  new  variants, 
introduced  below,  are  controlled  by  alleles  of  hitherto  unknown  and  three  by  alleles  of 
previously  identified  gene  loci.  The  addition  of  six  to  95  previously  reported  genes 
(Gorsic  1957,  1973,  1977,  1994;  Gorsic  and  Kerby  1996;  Hiorth  1930,  1931,  1933;  Rai 
and  Garber  1960;  Rasmuson  1920)  extends  the  described  genome  of  C.  heterophylla  to 
101  gene  loci. 


MATERIALS  AND  METHODS 

Seeds  used  in  these  experiments  were  from  prior  Collinsia  cultures  (Gorsic  1977,  1993, 
1994),  originally  obtained  from  Denholm  Seed  Co.,  Lompoc,  California. 
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Dry  seeds,  kept  at  -5°  C  for  two  days,  were  planted  directly  into  3  1/2  inch  pots  filled 
with  a  mixture  of  commercial  potting  soil  and  vermiculite  (3:1  by  volume).  The 
percentage  of  seed  germination  under  these  conditions  was  essentially  the  same  as  when 
seeds  were  germinated  on  moist  filter  paper  in  Petri  dishes  kept  at  10°  C  for  5-7  days 
(method  used  in  my  previous  investigations). 

Because  of  high  population  density  (8  seeds  per  pot)  some  fertilizer  was  applied  by 
watering  plants  (once  every  two  weeks)  with  a  solution  of  one  teaspoonful  of  Miracle-Gro 
(15-30-15)  per  gallon  of  water. 

The  hybridization  method  employed  in  my  investigations  has  been  recently  described 
(Gorsic  1994).  The  Chi-square  method,  using  Yates'  term  for  cultures  with  two 
phenotypic  classes  and  a  sample  size  less  than  50,  was  used  to  test  the  fitness  of  the 
phenotypic  segregation  ratios. 

ORIGIN  OF  VARIANTS  AND  HYBRIDIZATION  RESULTS 

Growth  habit  variants 

Carpophyllous,  cp.  Two  cultures  (h8861,  h8864)  both  being  progenies  of  selfmgs 
of  hybrids  involving  two  sibling  plants,  brought  forth  carpophyllous  plants  which  are 
characterized  by  adaxial  fusion  of  vegetative  leaf  pairs  forming  a  tubular  structure.  When 
primordia  of  the  first  leaf  pair  fuse  (the  earliest  expression),  stemless  seedlings  result 
which  die  in  the  cotyledonous  stage  (Fig.  IB).  Formation  of  carpophyllous  tubes  (Fig. 
ID)  by  repeated  fusion  of  leaf  pairs  of  the  stem  and/or  branches  (Collinsias  have  a 
decussate  leaf  arrangement)  terminates  the  expansion  of  the  main  axis  and  induces  growth 
of  the  secondary  and/or  tertiary  branches  thus  giving  the  mutants  a  profusely  branched 
habit.  The  most  delayed  expression  of  carpophylly  is  the  formation  of  a  fertile,  usually 
actinomorphic,  terminal  flower  on  the  main  stem  (Fig.  1C). 

Most  of  the  extensively  branched  carpophyllous  (cp/cp)  plants  never  bloomed;  those  that 
produced  flowers  were  self-pollinated  and  crossed  with  wild  type  {Cp/Cp)  plants. 
Offspring  of  self-fertilized  carpophyllous  plants  were  either  stemless  or  exhibited  one  or 
more  carpophyllous  (tube)  structures,  and  were  more  or  less  profusely  branched.  The 
hybrid  (Cp/cp)  plants,  however,  were  wild  type,  and,  upon  selfing  and  backcrossing, 
produced  progenies  segregating  into  wild  type  and  carpophyllous  plants  in  monohybrid 
ratios  establishing  carpophyllous  as  a  monogenic  recessive  trait  (Table  1). 

Dwarf,  dw.  Among  17  offspring  of  a  self-fertilized  plant  (culture  h90268)  11  plants 
were  dwarf  (Fig.  IE),  having  dark-green,  stiff  leaves,  densely  clustered  on  a  3.5-7  cm  long 
stem  (at  flowering  time)  in  contrast  to  the  wild  type  sibling  plants  having  45-50  cm  tall 
stem. 

Because  of  the  dwarf  mutants'  greatly  reduced  capacity  for  expansion  of  the  hypocotyl 
during  seed  germination,  it  was  necessary  to  dig  out  some  seedlings  lest  they  die  due  to 
the  exhaustion  of  their  food  supply  before  reaching  the  light.  At  maturity  the  number  of 
leaf  pairs  of  dwarfs  was  the  same  as  in  the  wild  type  sibling  plants,  but  their  intemodes 
were  so  short  that  the  overlapping  leaves  mostly  hid  the  stem  from  sight. 
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The  offspring  of  selfed  and  intercrossed  mutants  were  all  dwarf.  The  reciprocal  crosses 
between  dwarf  (dw/dw)  and  wild  type  (Dw/Dw)  plants  produced  wild  type  hybrid  (Dw/dw) 
plants,  and  these,  when  self-fertilized  and  backcrossed,  produced  progenies  segregating  into 
wild  type  and  dwarf  plants  in  monohybrid  ratios  (Table  1)  establishinig  dwarf  as  a 
monogenic  recessive  trait. 

Umbellate,  la.  The  umbellate  mutant  first  appeared  among  the  offspring  of  a  self- 
fertilized  plant  (h79271-4,  culture  h8095).  No  genetic  analysis  ensued  until  the  mutant 
reappeared  in  cultures  h93110  and  h93235  both  featuring  the  h79271-4  plant  in  their 
pedigree.  The  umbellate  plants  had  (1)  dark-green  leaves  arranged  in  tetra-  and/or 
hexamerous  whorls  instead  of  the  decussate  (wild  type)  pattern  and  (2)  an  umbellate 
inflorescence  of  6-30  bracts  with  as  many,  or  fewer,  flowers  having  a  short  corolla  with 
concave  side  lobes  of  the  lower  lip,  a  deeply  split  upper  lip  and  a  humped  corolla  tube 
(Fig.  IF). 

The  umbellate  pleiotropic  mutants  lagged  behind  in  size  relative  to  their  wild  type  sibling 
plants,  not  because  of  a  reduced  rate  of  growth,  but  because  they  skipped  elongation  of  the 
selected  intemodes.  In  some  umbellate  seedlings  the  cotyledonous  node  and  the  first  leaf 
node  were  united  into  a  tetramerous  whorl;  in  all  mutants  the  subsequent  leaf  nodes  were 
joined  in  pairs  or  threes  forming  tetra-  and/or  hexamerous  whorls  of  leaves  separated  by 
intemodes  of  the  wild  type  length.  In  the  region  of  the  peduncle  the  inhibition  of 
intemode  elongation  became  complete,  so  that  the  tri-,  tetra-,  and  pentamerous  verticillate 
inflorescence  of  the  wild  type  was  condensed  into  an  umbellate,  terminal  head  (Fig.  IF). 

Reciprocal  crosses  between  umbellate  {laAa)  and  wild  type  (La/La)  plants  produced  wild 
type  offspring.  The  F2  and  backcross  progenies  segregated  into  wild  type  and  umbellate 
plants  in  typical  monohybrid  ratios  (Table  1),  establishing  umbellate  as  a  monogenic 
recessive  trait  controlled  by  pleiotropic  gene  la. 

Leaf  morphology  variants 

Fringed,  /r.  In  culture  h8855  a  plant  appeared  having  deeply  cut  (fringed),  partly 
double  serrate  leaf  margin  (Fig.  lA).  Reciprocal  crosses  made  between  the  fringed  (fr/fr) 
and  wild  type  (Fr/Fr)  plants  yielded  wild  type  offspring.  The  F2  and  backcross  progenies 
segregated  into  wild  type  and  fringed  plants  in  statistically  acceptable  monohybrid  ratios 
(Table  1)  establishing  fringed  as  a  monogenic  recessive  trait. 

Hiorth  (1930)  described  a  similar  recessive  variant  he  called  crinkled  (kraus,  k)  having 
somewhat  wavy,  partly  double  serrate  leaves  and,  in  addition,  concave  (not  flat)  side  lobes 
of  flower's  lower  lip  with  a  diluted  violet  color,  and  a  greatly  reduced  fertility.  None  of 
the  additional  features  were  observed  in  the  fringed  (fr)  mutant. 

That  the/r  gene  is  not  a  member  of  the  multiple  allelic  Lm  (leaf  margin)  locus  (Gorsid, 
1977)  was  supported  by  the  observation  that  the  crenate  (LmYLm*")  leaved  Fr/fr 
heterozygotes  produced,  upon  selfmg,  fringed  offspring  with  round-tipped  fringes 
{Lnf/Lrrf  fr/fr),  the  dentate  (Ln/^/Lnd)  leaved  Fr/fr  heterozygotes  produced  offspring  with 
pointed  fringes  {Lm^^/Lm^  fr/fr),  and  the  double  heterozygotes  {Lm^/Lm‘^  Fr/fr)  produced 
three  types  of  fringed  plants:  with  round- tipped,  intermediate,  and  pointed  fringes. 
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Mottling,  M,  Leaves  of  this  mutant  exhibited  whitish  streaks  spread  over  the  entire 
blade  or  were  clustered  in  sectors  (Fig.  IG).  The  most  severley  mottled  plants  simulated 
symptoms  of  a  viral  infection  and  had  strap-like  leaves  and  distorted  growth  habit  (zig-zag 
stem). 

Progenies  of  self-fertilized  mottled  plants  were  conspicuously  mottled  and  contained  many 
moribund  individuals.  Reciprocal  crosses  between  mottled  (M/M)  and  wild  type  (m/m) 
plants  produced  offspring  with  mildly  mottled  leaves,  or,  in  some  cases,  offspring  with  a 
few  barely  detectable  white  streaks.  The  F2  progenies  of  hybrids  (M/m)  segregated  into 
wild  type  and  mottled  plants  in  statistically  acceptable  monohybrid  ratios  (Table  1). 
Mottling  (M)  behaved  as  a  semidominant  trait  with  variable  expressivity. 

On  the  other  hand,  the  appearance  of  white  streak  clusters  in  one  region  of  the  leaf  blade 
and  the  formation  of  nonmottled  sectors  in  another  part  may  point  to  the  reversibility  of 
the  M  gene  to  the  wild  type  m  by  a  transposable  element. 

Toothless,  z.  Among  13  offspring  of  two  self-fertilized  sibling  plants  (h8408-6,  -8) 
four  seedlings  appeared  having  their  cotyledons  (petioles  and  blades)  adaxially  fully  fused 
(clasped)  preventing  stem  formation  by  blocking  the  expansion  of  epicotyl.  The  wild 
type  sister  plants  of  these  stemless  mutants  were  self-fertilized  and  (some  of  them) 
produced  seedlings  with  clasping  cotyledons.  A  few  of  these  clasping  cotyledon  (z'") 
seedlings  managed  to  produce  a  stem  with  leaves  having  a  smooth  (nonserrate)  margin 
(Fig.  2 A)  simulating  Hiorth's  (1930)  z  mutant  which  is  characterized  by  a  nonserrate-leaf 
margin  and  flowers  lacking  two  protuberances  (hence,  toothless,  i.  e.  zahnlos)  on  the 
upper  lip  at  the  entrance  of  the  corolla  tube. 

Clasping  cotyledon  mutants  bred  true.  Reciprocal  crosses  between  wild  type  plants  (Z/Z) 
and  clasping  cotyledon  (zVzO  mutants  produced  wild  type  offspring  having  spreading 
(open)  cotyledons  and  serrate  leaves,  which,  when  self-fertilized  and  backcrossed,  produced 
wild  type  (spreading  )  cotyledon  and  clasping  cotyledon  seedlings  in  3:1  and  1:1  ratios 
respectively  (Table  2).  These  results  established  that  clasping  cotyledon  (z^)  is  a 
monogenic  recessive  trait. 

To  find  the  allelic  relationship  between  clasping  cotyledon  gene  z*"  and  Hiorth's  toothless 
gene  z,  crosses  have  been  made  using  clasping  cotyledon  (zVz^)  plants  as  female  and 
toothless  (z/z)  plants  as  pollen  parents  (  the  latter  having  spreading  cotyledons  and  being 
practically  female  sterile).  These  crosses  produced  toothless  offspring  having  spreading 
cotyledons  and  leaves  with  a  nonserrate  margin  (zVz),  which,  upon  selfmg,  produced 
seedlings  with  spreading  (open)  and  clasping  cotyledons  (both  classes  with  nonserrate 
leaves)  in  3:1  ratio  (Table  2).  The  backcrosses  of  zVz  (spreading  cotyledons)  and  zVz*" 
(clasping  cotyledons)  plants  produced  seedlings  with  spreading  and  clasping  cotyledons 
(all  with  nonserrate  leaves)  in  1:1  ratios  (Table  2),  confirming  the  allelic  nature  of  z'"  and 
z  genes. 

The  action  of  gene  differs  from  z  allele  in  its  ability  to  fully  fuse  cotyledons  and  in 
having  no  deleterious  effect  on  fertility.  The  penetrance  of  zVz'"  genotype  in  some 
cultures  was  incomplete  (about  95%).  The  fact  that  z/  gene  surfaced  in  a  Z/Z  genetic  line 
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suggests  that  it  originated  by  mutation  of  a  dominant  Z  allele  rather  than  from  a  mutated 
recessive  z  allele. 

Variegation  variants 

Orange  variegation,  vao.  Among  44  offspring  of  two  self-pollinated  green-leaved 
sibling  plants  (h92 120-2,  -9),  14  individuals  had  orange  leaves  resembling  pure  breeding 
orange  plants  of  the  orange  variegation  (vao)  mutant  -  a  reversible  nuclear  recessive 
variegation  (Gorsic  and  Kerby,  1996)  -  except  they  had  green  cotyledons  (vao^)  at 
emergence  from  the  soil  (which  turned  orange  in  14  days)  in  contrast  to  vao  which  has 
orange  cotyledons  at  emergence. 

Reciprocal  crosses  between  vaoVvao^  orange  plants  and  typical  vao/vao  orange  plants 
produced  orange  plants  (vao^/vao)  having  green  cotyledons  at  emergence.  The  progenies 
of  self-fertilized  vao^/vao  hybrids  segregated  into  orange  plants  with  green  cotyledons  at 
emergence  (vao^/vao^,  vaoVvao)  and  orange  plants  having  orange  cotyledons  at  emergence 
(vao/vao)  in  3:1  ratiois  (Table  3),  evidence  that  the  vao^  gene  is  allelic  to  vao  gene  and 
dominant  over  it. 

In  progeny  of  19  offspring  of  a  self-fertilized  orange  (vao^/vao^)  mutant  (h9362-3),  16 
plants  had  green  cotyledons  at  emergence  and  developed  orange  leaves,  but  three  plants  had 
nearly  white  (alba)  cotyledons  (with  a  tinge  of  orange),  developed  three  pairs  of  tiny, 
nearly  white  leaves  and  died. 

Sister  plants  of  the  three  alba  (vao"")  mutants  were  selfed,  intercrossed,  and  reciprocally 
hybridized  with  the  wild  type  (Vao/Vao)  and  orange  (vao/vao)  plants.  Some  of  the  selfed 
sister  plants  (vac//-)  produced  only  orange  plants  (vac/Zvac/)  but  most  of  them  produced 
orange  (vaoVvao^,  vao^/vao)  and  alba  (vaoVvao"")  plants  (Fig.  2B)  in  a  3:1  ratio  (Table  3). 
Sibling  plants,  which  produced  orange  and  alba  offspring  when  selfed,  produced  the  same 
phenotypes  when  intercrossed. 

The  reciprocal  crosses  of  alba  heterozygotes  (vac/Zvao^")  with  the  wild  type  (Vao/Vao) 
produced  only  wild  type  offspring  of  Vao/vao^  and  Vao/vao''  genotypes,  which,  upon 
selfmg,  produced  progenies  segregating  in  3:1  ratios  for  wild  type  and  orange,  and  wild 
type  and  alba,  respectively  (Table  3). 

A  few  alba  plants  (vaoVvao")  survived  until  flowering  stage  and  were  used  as  pollen 
parents  in  backcrosses  with  vac/Zvao"  and  Vao/vao"  hybrids  producing  orange  plants  with 
green  cotyledons  (vac/ /vao")  and  alba  (vao" /vao"),  and  wild  type  (Vao/vao")  and  alba 
(vao"/vao")  Tespeciiweiy  in  1:1  ratios  (Table  3).  Alba  plants  of  the  backcrosses  survived 
in  higher  numbers  than  alba  seedlings  of  the  selfed  hybrids  and  produced,  upon  selfmg, 
viable  seeds. 

Crosses  between  vac/Zvao"  and  vao/vao  plants  produced  only  orange  offspring  (vac/Zvao, 
vao"/vao)  with  green  cotyledons  at  emergence.  The  vaoVvao  hybrids  produced  upon 
selfmg  only  orange-leaved  offspring  -  3/4  with  green,  1/4  with  orange  cotyledons  (Table 
3).  The  vao" /vao  hybrids  backcrossed  with  vao/vao  plants  produced  orange-leaved 
offspring  with  green  cotyledons  at  emergence  (vao"/vao)  and  orange  leaved  offspring  with 
orange  cotyledons  at  emergence  (vao/vao)  in  1:1  ratios  (Table  3). 
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These  hybridization  experiments  established  the  vao^  and  vao""  genes  as  members  of  the 
multiple  allelic  vao  locus. 

In  the  presence  of  Ac,  an  independent  (from  vao)  dominant  activator  for  vao  gene 
reversion  (Gorsic  and  Kerby,  1996),  the  vao^  and  vao  genes  revert  to  vao^^  and  vao^ 
respectively  producing  the  wild  type  green  sectors  in  stems  and  leaves  (Fig.  2C). 

Crosses  between  male  alba  {vaoVvao^)  plants  and  female  orange  variegated  (vao^^/vao^  and 
vao^/vao)  plants  (with  orange  and  green  sectored  leaves)  carrying  Ac,  produced  hybrids 
{vao^/vao^"  Ac/-  and  vao/vao^"  Ac/—)  having  orange  and  green  sectored  leaves.  These 
hybrids  were  self-fertilized  and  produced  a  total  of  145  offspring:  109  had  orange  and 
green  sectored  leaves  (that  is,  all  exhibited  vao^^  or  vao^  gene  reversion),  36  were  alba, 
none  exhibiting  any  green  sectors  on  cotyledons  or  leaves  (that  is,  no  vao/^  were  present), 
indicating  that  the  vao°  alelle  is  not  amenable  for  reversion,  or  that  the  vaof"  is  coupled 
with  another  (in  this  case  the  nonfunctional)  factor  required  for  reversion. 

Green  variegation,  vag.  Three  of  11  offspring  of  a  self-fertilized  wild  type  plant 
(h87 174-2,  culture  h8885)  exhibited  subdued  light-green  sectors  on  their  leaves  (Fig.  2C). 
These  green  variegated  {vag)  mutants  bred  true,  and,  when  reciprocally  crossed  with  wild 
type  plants,  produced  wild  type  offspring.  The  F2  and  backcross  progenies  of  these 
hybrids  (Vag/vag)  segregated  into  green  plants  and  green-light-green-sectored  ones  in  3:1 
and  1:1  ratios  respectively  (Table  4),  establishing  the  green  variegation  as  a  recessive  trait 
controlled  by  a  nuclear  gene  {vag)  transferable  to  the  offspring  through  male  and  female 
gametes. 

The  greeen  variegation  {vag)  is  the  fourth  type  of  variegation  unconvered  in  C. 
heterophylla  that  is  controlled  by  a  recessive  nuclear  gene  transferable  to  offspring 
through  the  female  and  male  gametes;  the  other  three  being:  orange  {vao),  white  {vaw), 
and  blending  {vab,  see  below)  variegation  reported  by  Gorsic  and  Kerby  (1996). 

The  light-green  sectors  of  green  variegation  {vag/vag)  mutants  appeared  on  cotyledons  and 
leaves  of  3-4  week  old  seedlings.  The  shape  and  number  of  light-green  sectors  on  the 
leaves  of  siblings  varied  from  plant  to  plant,  but  were  more  or  less  uniform  on  leaves  of 
individual  plants.  The  variability  of  color  sectoring  is  best  explained  by  considering 
reversibility  of  the  vag  gene  (possibly  by  a  transposable  element  -  Delool  and  Tilney- 
Bassett,  1986;  Martinez-Zapater,  1993;  Nevers  et  al.,  1986).  The  localization  of  green 
and  light-green  areas  in  cotyledons  and  the  first  pair  of  leaves  seems  to  set  the  pattern  for 
distribution  of  color  sectors  higher  up  the  stem.  Retention  of  the  same  coloration  pattern 
along  the  stem  (Fig.  2D)  suggests  that  the  vag  gene  reversion  occurred  in  the  cells  of  the 
developing  embryo  prior  to  seed  germination,  and  that  the  green  sectors  of  leaves  resulted 
from  mitotic  propagation  of  apical  cells  of  the  stem  carrying  reverted  vag^  gene. 

Because  no  stable,  true  breeding,  pure  light-green  (without  green  sectors)  vag/vag  strain 
has  as  yet  been  isolated,  no  distinction  is  made  in  writing  genetic  formulae  between  the 
nonreverted  vag  allele  that  produces  light-green,  and  the  reverted  vag^  allele  that  produces 
wild  type  green  coloration.  In  other  words,  all  green  variegated  {vag/vag)  plants  of  this 
report  carried  nonreverted  and  reverted  vag  alleles. 
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The  green  variegated  mutants  (vag/vag)  were  crossed  with  orange  variegation  (vao/vao) 
mutants  (Fig.  2C)  producing  Vag/vag  Vao/vao  dihybrids  exhibiting  wild  type  green 
leaves.  The  F2  progenies  of  these  dihybrids  segregated  into  wild  type,  green  variegated, 
and  orange  variegated  plants  in  a  2:1:1  ratio,  indicating  that  the  vag  and  vao  genes  were 
nonallelic  and  linked  in  repulsion  phase  (Table  4). 

A  cross  between  Vagvao/vagVao  (wild  type  dihybrid)  and  vagVao/vagvao  (green 
variegated  plant  heterozygous  for  orange  variegation)  produced  a  progeny  of  wild  type, 
green  variegated,  and  orange  variegated  plants  in  the  expected  ratio  of  1:2:1  (Table  4). 

A  green  variegated  plant  heterozygous  for  orange  variegation  (vag^/vag  Vao/vao)  was  self- 
pollinated  and  produced  23  offspring:  17  were  green  variegated  (vag^/vag  Vao/—)  having 
light-green  and  green  sectored  leaves,  and  6  were  double  variegation  plants  (vag^/vag 
vao^/vao)  exhibiting  both  green  and  orange  variegation  symptoms. 

Some  chimeric  leaves  of  the  double  variegation  plants  exhibited  four  types  of  color 
sectors:  green,  light-green,  orange,  and  light-orange.  This  four  color  pattern  can  be 
explained  as  follows:  cells  of  green  sectors  {vag^/—  vao^/-)  must  have  carried  at  least  one 
reverted  allele  of  each  variegation  gene;  light-green  sectors  {vag/vag  vao^/—)  were 
expressed  in  the  overlapping  areas  with  green  sectors  where  the  nonreverted  vag  gene  pair 
diluted  the  green  to  light-green;  orange  sectors  {vag^/-  vao/vao)  appeared  in  tissues  where 
green  of  the  reverted  vag^  gene  could  not  be  expressed  because  of  the  action  of  the 
nonreverted  allelic  pair  of  the  vao  locus  producing  orange;  and  light-orange  sectors 
{vag/vag  vao/vao)  were  observed  in  areas  where  orange  coloration  produced  by  the 
nonreverted  vao  allelic  pair,  was  diluted  by  the  action  of  the  nonreverted  vag  allelic  pair. 
These  light-orange  sectors  turned  pale-yellow  or  white  in  aging  leaves. 

A  cross  between  two  green  variegated  plants,  both  heterozygous  for  orange  variegation 
{vag^/vag  Vao/vao  x  vag^/vag  Vao/vao),  produced  17  green  variegated  plants  {vag^/vag 
Vao/—)  and  4  orange  plants  {vag^/vag  vao/vao)  exhibiting  light-orange  and  orange  sectors 
(indicating  the  presence  of  reverted  vag^)  but  no  light-green  and  green  sectors  (indicating 
the  absence  of  vao  gene  reversion).  The  absence  of  vao^  genes  may  be  explained  by  (1) 
vao  genes'  escape  from  reversion  by  chance  (unlikely),  (2)  by  the  irreversibility  (stable 
form)  of  the  vao  present  (such  allele  has  been  isolated,  Gorsic  and  Kerby,  1996),  or  (3)  by 
the  fact  that  the  mechanism  for  reversion  of  the  vag  and  vao  genes  is  not  the  same 
(requiring  different  transposons  and/or  activators). 

To  test  the  allelic  relationship  between  vag  and  vab  (blending  variegation  exhibiting 
yellow-green  and  green  sectored  leaves  with  blending  borders  between  color  sectors; 
Gorsic  and  Kerby,  1996),  a  cross  has  been  made  between  a  green  variegated  {vag/vag) 
plant  and  blending  variegation  {vab/vab)  plant  (Fig.  2C)  producing  wild  type  offspring. 
The  numbers  of  individuals  in  three  phenotypic  classes  of  the  F2  of  Vag/vag  Vab/vab 
dihybrid  were:  23  wild  type  green  {Vag/— Vab/-),  14  green  variegated  {vag/vag  Vab/—), 
and  10  plants  with  blending  variegation  {Vag/-  vab/vab),  indicating  the  nonallelic  nature 
of  vag  and  vab  genes  and  their  close  linkage  (also  corroborating  linkage  of  vab  and  vao 
genes  reported  by  Gorsic  and  Kerby,  1996  -  for  vag-vao  linkage  see  above). 
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SUMMARY 

From  9  variants  reported  in  this  article  3  concern  the  growth  habit  of  plants:  (1) 
carpophyllous  {cp)  is  established  as  a  monogenic  recessive  trait  expressed  either  as  a 
stemless  cotyledon  lethal,  as  a  profusely  branched  plant,  or  as  a  plant  with  a  terminal 
flower  on  the  main  stem  and  (in  some  cases)  on  branches;  (2)  dwarf  {dw)  is  established  as 
a  monogenic  recessive  trait,  characterized  by  a  powerful  inhibition  of  all  intemodes  in  the 
vegetative  as  well  as  the  reproductive  part  of  the  stem;  (3)  umbellate  is  controlled  by  a 
recessive  highly  pleiotropic  gene  la,  inhibiting  the  expansion  of  alternate  intemodes 
which  results  in  mainly  tetramerous  (or  hexamerous)  whorls  of  vegetative  leaves  and  a 
terminal  umbel-like  inflorescence. 

Three  described  variants  concern  leaf  morphology:  (1)  fringed  (/r)  is  a  monogenic 
recessive  trait  characterized  by  a  deeply  cut  leaf  margin;  (2)  mottling  with  whitish  streaks 
on  leaves,  also  associated  with  a  tendency  to  distort  the  leaf  and  stem  morphology  when 
inbred,  is  controlled  by  a  semidominant  gene  M\  (3)  clasping  cotyledon  mutant, 
characterized  by  complete  fusion  of  cotyledons  (stemless)  and  formation  of  nonserrate 
leaves  by  individuals  that  manage  to  produce  a  stem,  is  controlled  by  an  additional 
recessive  allele  of  the  toothless  (zahnlos)  locus  z. 

Of  the  three  nuclear  recessive  variegation  variants,  presented  in  this  paper,  green 
variegation  is  controlled  by  a  reversible  gene  of  a  newly  identified  vag  locus,  and  the 
remaining  two  are  controlled  by  alleles  of  previously  identified  orange  variegation  locus 
vao:  (1)  vao^  allele,  that  produces  seedlings  with  green  cotyledons  at  emergence,  exists  in 
the  reversible  as  well  as  the  stable  (true  breeding)  form;  (2)  vao""  allele,  which  produces 
white  or  orange-tinged  cotyledons  and  orange  leaves  with  white  margins,  behaves  as  a 
nonreversible  (stable)  gene. 

Green  {vag)  and  orange  {vao)  variegtions  are  nonallelic  to  the  reversible  blending 
variegation  {vab),  but  both  are  closely  linked  to  it. 
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Table  1:  Phenotypic  segregation  of  the  F2  and  backcross  (BC)  progenies  of  hybrids  of 
new  genetic  variants  of  Collinsia  heterophylla  (expected  ratios:  F2  3:1,  BC 
1:1). 


Variant 

Gene 

No.  cultures 

Progeny  Dominant 

Recessive 

Total 

Chi-square 

P 

Carpophyllous 

cp 

5 

F2 

181 

50 

231 

1.387 

.2 

2 

BC 

21 

14 

35 

1.028 

.3 

Dwarf 

dw 

5 

F2 

248 

70 

318 

■  1.513 

.2 

2 

BC 

52 

51 

103 

0.010 

.9 

Umbellate 

la 

5 

F2 

161 

41 

202 

2.383 

.1 

2 

BC 

43 

38 

81 

0.308 

.5 

Fringed 

fr 

5 

F2 

100 

33 

133 

0.003 

.9 

2 

BC 

20 

19 

39 

0.000 

— 

Mottling 

M 

5 

F2 

103 

26 

129 

1.615 

.2 

Table  2:  Phenotypic  segregation  of  the  F2S  and  backcrosses  (BC)  involving  alleles  of  the 
toothless  (z)  locus  of  Collinsia  heterophylla  (expected  ratios:  F2  3:1,  BC  1:1, 
BC*  2:1:1). 


Genotype/ 

Cross 

No. 

cultures 

Progeny 

Wild  type 
open  cotyl., 
Z 

Toothless, 
open  cotyl., 

z 

Toothless, 
clasping  cotyl.. 

Chi- 

square 

P 

TJz^ 

6 

F2 

294 

— 

103 

0.189 

.7 

m  X  TJz^ 

1 

F2 

52 

— 

19 

0.118 

.7 

Z/z"  X 

1 

BC 

24 

— 

25 

0.000 

— 

Z/z^  X  z/Z 

1 

BC* 

29 

14 

14 

0.017 

.9 

zJz' 

2 

F2 

— 

52 

15 

0.244 

.5 

z/t  X  ^/z^ 

2 

BC 

— 

17 

13 

0.534  . 

.3 
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Table  3.  Phenotypic  segregation  of  selfed  (F2)  and  backcrossed  (BC)  hybrids  involving 
Vao,  vao,  vao°,  and  vao^  alleles  of  orange  variegation  locus  of  Collinsia 
heterophylla  (expected  ratios:  F2  3:1,  BC  1:1). 


No. 

Genotype  or  Cross  cultures 

Progeny 

Wild 

type 

Orange  leaves 
Green  Orange 

cotyl.  cotyl. 

Alba 

Chi- 

square 

P 

Vao/vao^ 

3 

F2 

72 

20 

— 

— 

0.521 

.3 

vao/vao^ 

3 

F2 

— 

49 

14 

— 

0.259 

.5 

vao/vao“  x  vao/vao 

2 

BC 

— 

46 

51 

— 

0.258 

.5 

vao^/vao'^ 

3 

F2 

— 

95 

— 

40 

1.543 

.2 

vao^vao^  x  vaoVvao^ 

3 

BC 

— 

24 

— 

25 

0.000 

— 

Vao/vao^ 

3 

F2 

76 

— 

— 

21 

0.581 

.3 

Vao/vao“  x  vaoVvao^ 

1 

BC 

8 

— 

— 

8 

0.000 

1 

Vao/vao"  x  vao^/vao 

2 

BC 

22 

24 

“ 

— 

0.022 

.8 

Vao/vao^  x  vaoVvao" 

1 

BC 

18 

17 

— 

0.000 

-- 

Table  4.  Phenotypic  segregation  of  the  F2  and  backcross  (BC)  progenies  of  monohybrids 
and  dihybrids  involving  green  {wag)  and  orange  {vao)  variegation  mutants  of 
Collinsia  heterophylla  (ratios:  monohybrid  F2  3:1,  BC  1:1;  dihybrid  *F2  2:1:1 
instead  of  9:3:3: 1  because  of  close  linkage  of  vag  and  vao  in  repulsion  phase). 


Genotype  or  Cross 

No. 

cultures 

Progeny 

Wild 

type 

Green 

varieg. 

Orange 

varieg. 

Total 

Chi- 

square 

P 

Vag/vag 

6 

F2 

107 

26 

— 

133 

2.108 

.1 

Vag/vag  X  vag/vag 

2 

BC 

30 

26 

— 

56 

0.286 

.5 

vag/vag  X  Vag/vag 

2 

BC 

11 

11 

— 

22 

0.000 

1 

Vag/vag  Vao/vao 
vagvao  vag  Vao 

8 

*F2 

126 

53 

67 

246 

1.740 

.4 

- X - 

vagVao  vagvao 

1 

“BC 

14 

27 

15 

56 

0.107 

.9 

“Expected  ratio  in  absence  of  crossing-over  between  vag  and  vao  1:2:1. 
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Figure  1 .  Genetic  variants  of  Collinsia  heterophylla.  A.  Fringed,  fr.  B-D  Phenotypic 
expressions  of  carpophyllous,  cp:  B.  Cotyledon  lethal;  C.  Actinomorphic 
terminal  flower;  D.  Termination  of  growth  of  main  axis  by  formation  of  a 
carpophyllous  tube  and  secondary  branches.  E.  Dwarf,  dw,  with  flower  buds. 
F.  Umbellate,  la.  G.  Dominant  mottling,  M. 
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Figure  2.  Genetic  variants  of  Collinsia  heterophylla.  A.  Clasping  cotyledons  (zahnlos), 
z*":  adaxially  fused  cotyledons  (left),  nonserrate  leaf  (right).  B.  Alba,  vao'^, 
seedling.  C.  Leaves  of  variegation  mutants:  orange,  vao  (left);  blending,  vab 
(middle);  green,  vag  (right).  D.  Leaves  of  the  6-th  (horizontal)  and  7-th 
(vertical)  pair  of  a  green  variegation  (vag)  mutant  exhibiting  major  green 
sectors  on  one  side  of  stem  (notice  green  coloration  of  adjacent  halves  of  leaves 
in  the  upper  left  quadrant  of  the  picture). 
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ABSTRACT 

Historic  and  current  forest  survey  data  were  used  to  chronicle  forest  compositional  change 
at  a  study  site  located  between  the  Illinois  and  Mississippi  rivers.  Tree  species  importance 
values  (IV)  indicate  silver  maple  {Acer  saccharinum  L.)  was  a  co-dominant  species  in 
1817  (IV=16.1).  However,  by  the  time  another  forest  survey  was  conducted  just  prior  to 
river  impoundment  in  1938,  silver  maple  had  already  become  the  most  dominant  species 
(IV=84.7).  Silver  maple  also  increased  in  IV  during  the  decades  following  river 
impoundment  (rV=98.2)  and  again  following  the  great  flood  of  1993  (IV=110.0).  The 
very  successful  growth  and  establishment  of  silver  maple  since  the  arrival  of  early  Euro- 
American  settlers  is  a  strong  indication  that  humans  have  altered  one  or  more  of  the  key 
natural  processes  that  once  favored  a  more  biologically  rich  forest  community.  The 
diversion  of  Lake  Michigan  water  into  the  Illinois  River  valley  in  the  early  1900s  and 
river  impoundment  in  1938  have  probably  favored  more  water  tolerant  species  such  as 
silver  maple.  Likewise,  fire  was  an  important  disturbance  mechanism  affecting  some 
presettlement  floodplain  plant  communities,  but  today  fire  is  a  rare  occurrence  along  the 
Illinois  and  Mississippi  rivers.  Silver  maple  dominance  will  likely  continue  well  into 
the  21st  century  unless  flooding  and  fire  regimes  are  used  to  promote  a  more  diverse  plant 
community. 

Key  Words:  Floodplain,  forest,  bottomland,  river,  hydrology,  flood,  fire,  disturbance 


INTRODUCTION 

The  Upper  Mississippi  River  System  (UMRS)  includes  the  mainstem  Mississippi  River 
above  the  confluence  of  the  Ohio  River,  and  several  of  its  major  tributaries,  including  the 
Illinois  River.  During  the  1930s,  navigation  dams  were  constructed  on  the  UMRS  above 
St.  Louis,  Missouri.  The  most  detailed  assessment  of  the  short-term  effects  of  river 
impoundment  on  trees  along  the  UMRS  was  reported  by  Yeager  (1949).  His  work 
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documented  tree  mortality  at  Calhoun  Point  (the  same  study  area  examined  herein)  over  an 
eight  year  period  following  completion  of  Lock  and  Dam  26  in  1938.  Since  then,  little 
attention  has  been  paid  to  assessing  the  long-term  effects  of  river  impoundment  on 
floodplain  forests.  A  major  problem  has  been  the  lack  of  historic  forest  data  to  evaluate 
compositional  trends.  We  found  the  original  data  basic  to  the  work  of  Yeager  (1949) 
within  the  archives  of  the  Illinois  Natural  History  Survey  in  Champaign,  Illinois.  This 
presented  us  with  an  opportunity  to  duplicate  the  forest  sampling  effort  of  1938  and  to 
assess  the  longer-term  effects  of  river  impoundment  at  Calhoun  Point.  We  also  assessed 
tree  mortality  resulting  from  the  1993  flood  —  the  largest  flood  on  record  in  the  vicinity 
of  St.  Louis.  In  conjunction  with  data  from  a  presettlement  forest  reconstruction  of  the 
study  area  (Nelson,  et  al.,  1994),  this  paper  presents  forest  compositional  changes  that 
have  occurred  since  early  Euro- American  settlement  (1817). 

Like  most  of  the  79  large  river-floodplain  ecosystems  worldwide,  the  UMRS  has  been 
significantly  altered  for  agriculture,  navigation,  and  flood  protection  (Belt,  1975; 
Welcomme,  1985;  Dynesius  and  Nilsson,  1994).  During  the  1930s,  that  portion  of  the 
Mississippi  River  above  St.  Louis,  Missouri,  was  modified  with  a  series  of  27  low  head 
dams  (ranging  in  height  from  5.6  to  49.0  ft.).  A  major  tributary,  the  Illinois  River,  was 
similarly  impounded  with  a  series  of  five  navigation  dams  (7.0  to  49.0  ft.  High).  An 
immediate  impact  of  each  dam  was  a  permanent  rise  in  the  annual  low-water  surface 
elevations  and  the  permanent  inundation  of  the  lowest  floodplain  habitats.  Immediately 
upstream  of  each  navigation  dam  a  lake-like  impoundment  was  formed.  Farther  upstream, 
however,  impoundment  effects  become  less  pronounced  and  riverine  conditions  reappear. 
Unlike  the  high-head  reservoir  dams  built  across  many  narrow  river  canyons  throughout 
the  western  United  States,  the  navigation  dams  of  the  UMRS  are  not  designed  to  hold 
back  and  store  enormous  volumes  of  water,  but  rather  they  maintain  a  minimum  9-foot 
deep  navigation  channel  during  the  low-flow  season.  As  river  discharge  increases,  flood 
waters  pass  through  opened  gates  and  around  the  locks  and  gates  over  spillways  (Sparks, 
1995).  Thus,  in  spite  of  river  modifications,  the  UMRS  retains  seasonal  flood  pulses 
characteristic  of  large  river-floodplain  ecosystems  (Sparks  et  al.,  1990). 

Before  lock  and  dam  construction,  canals  and  flow  alterations  had  significant  effects  on  the 
hydrology  of  the  Illinois  River.  The  Illinois-Michigan  Canal  was  completed  in  1848 
thereby  connecting  Lake  Michigan  and  the  Illinois  River.  The  population  of  the  city  of 
Chicago  began  to  increase  dramatically  during  the  late  1 800s  and  sewage  disposal  became 
a  serious  health  problem.  In  1871,  the  flow  of  the  sewage-laden  Chicago  River  was 
reversed  away  from  Lake  Michigan  into  the  Illinois-Michigan  Canal  and  ultimately  into 
the  headwaters  of  the  Illinois  River.  The  diversion  was  somewhat  effective  at  protecting 
the  city’s  water  supply,  but  periodic  flooding  of  the  Chicago  River  still  allowed  sewage 
to  enter  L£ike  Michigan.  For  a  few  years  large  volumes  of  water  were  diverted  using 
pumps  (1894-1900),  but  a  more  efficient  solution  was  in  place  by  1900  when  the 
Chicago  Sanitary  and  Ship  Canal  was  completed.  Between  1900  and  1938,  diverted  flows 
of  Lake  Michigan  water  ranged  between  2,990  ftVsec.  and  10,010  ft.Vsec.  (average  = 
7,222  ft.Vsec.).  This  diversion  increased  low  midsummer  river  levels  by  2.8  feet  near 
Havana  (river  mile  120),  thereby  increasing  the  surface  area  of  backwater  lakes  and 
inundating  thousands  of  forested  acres  (Bellrose  et  al.,  1983;  Starrett,  1972).  The  amount 
of  diverted  water  allowed  to  enter  the  Illinois  River  was  substantially  reduced  after  1938 
and  continues  to  be  strictly  regulated  (3,200  ft.Vsec.). 
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Artificially  raising  river  water  levels,  either  by  diversion  or  impoundment,  can  seriously 
affect  the  composition  of  floodplain  forests  (Havera  et  al.,  1980).  The  degree  of  effect  is 
primarily  dependent  upon  elevation  and  flood  tolerances  of  resident  species  (Hosner  and 
Minckler,  1963).  Following  river  impoundment,  100  percent  tree  mortality  occurred  in 
areas  subject  to  permanent  inundation  (Yeager,  1949;  Green,  1947).  At  higher  elevations, 
however,  percent  tree  mortality  was  lower  and  varied  among  species.  While  the  short¬ 
term  effects  of  river  impoundment  on  trees  are  well  documented,  the  long-term  effects  of 
raised  water  levels  on  trees  growing  at  or  above  the  new  shoreline  are  much  less  clear. 

STUDY  AREA 

Our  study  area  lies  at  the  confluence  of  the  Illinois  and  Mississippi  rivers  and  is  known 
locally  as  Calhoun  Point.  The  2,200  acre  point  was  acquired  by  the  U.S.  Army  Corps  of 
Engineers  in  the  1930s  as  flood  easement  for  construction  of  the  Alton  Lock  and  Dam  26, 
located  20  miles  downstream  (Fig.  1).  During  the  1950s,  Calhoun  Point  was 
incorporated  into  the  Mark  Twain  Wildlife  Refuge  of  the  U.S.  Fish  and  Wildlife  Service. 
Today,  the  area  is  managed  by  the  Illinois  Department  of  Natural  Resources  to  provide 
habitat  for  waterfowl,  fish,  and  other  wildlife.  All  three  agencies  cooperate  in  planning 
long-term  management  strategies  for  Calhoun  Point. 

Floodplain  topography  within  Calhoun  Point  is  complex,  with  many  sloughs,  abandoned 
side  channels,  and  backwater  lakes  and  ponds  within  the  area  (Fig.  1).  Natural  levees  and 
ridges  form  the  highest  elevations  where  soils  are  well  drained.  The  lowest  elevations  are 
typically  flat  with  poorly  drained  soils.  As  with  most  forests  of  the  UMRS,  timber  has 
been  harvested  from  within  Calhoun  Point  and  presumably  began  with  fuelwood 
procurement  for  steam  boats  in  the  early  1800s  (Nelson  et  al.,  1994).  No  logging, 
however,  has  taken  place  in  the  study  area  since  it  was  acquired  by  the  Federal  government 
in  the  late  1930s.  Some  areas  may  never  have  been  cut  over:  Yeager  (1949)  reported 
seeing  many  huge  and  overmature  maples,  elms,  oaks,  and  sycamores. 

METHODS 

The  presettlement  forest  data  for  this  study  were  obtained  from  the  General  Land  Office 
(GLO)  surveyors  field  notes  of  Calhoun  Point  and  other  nearby  areas  upstream  along  the 
Illinois  River  floodplain  in  1817  (Nelson  et  al.,  1994).  The  GLO  surveyors  recorded  in 
their  field  notes  the  types  and  diameters  of  bearing  trees  used  at  section  comers,  as  well  as 
bearing  tree  distances  and  bearings.  If  trees  were  not  available  at  a  section  comer,  the 
surveyors  noted  "prairie"  in  their  field  notes  and  erected  a  mound  of  earth.  Although  the 
GLO  survey  data  were  obtained  differently  from  the  other  forest  data  used  in  this  study, 
these  are  the  only  quantitative  forest  data  available  from  the  presettlement  period. 

Cornelius  H.  Muller,  while  working  with  the  Illinois  Natural  History  Survey  (INHS)  in 
1938,  established  11  belt  transects  across  Calhoun  Point  in  order  to  map  and  sample  the 
predam  vegetation.  Within  these  50-foot-wide  belt  transects,  which  were  purposely  placed 
in  such  a  manner  as  to  adequately  cover  the  outstanding  habitats  of  the  area,  Muller 
recorded  all  trees  and  saplings.  Trees  were  considered  to  have  a  diameter  breast  height 
(dbh)  >  5  inches.  One  of  Muller's  colleagues,  Lee  Yeager,  tagged  most  of  the  trees  in  6 
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of  the  belt  transects  to  monitor  mortality  rates  over  the  8  years  following  river 
impoundment.  The  total  length  of  these  6  transects  was  3.5  miles.  We  retrieved  Muller's 
original  data  sheets  and  his  summary  report  from  the  INHS  archives  but,  unfortunately, 
were  unable  to  locate  any  of  Yeager's  original  field  notes  or  datasheets.  Yeager  did, 
however,  publish  his  findings  in  a  INHS  bulletin  titled:  “Effect  of  permanent  flooding  in 
a  river-bottom  timber  area”,  which  is  cited  throughout  this  paper  (Yeager,  1949). 

In  order  to  assess  forest  compositional  trends  up  to  the  present  time,  we  sampled  the 
forest  vegetation  along  the  same  six  transects  used  by  Yeager  and  initially  established  by 
Muller  (Fig.  1).  We  did  the  field  work  during  the  summer  of  1996  using  compass 
headings  and  starting  points  provided  on  Muller's  vegetation  maps  and  datasheets.  Aerial 
photographs  (taken  in  1994)  were  also  used  to  assist  in  establishing  transects  in  the  field. 
For  each  time  period  (1817,  1938,  and  1996),  we  calculated  relative  dominance,  relative 
density,  and  importance  value  (IV)  for  each  taxon  recorded.  Tree  diameter  was  used  to 
compute  the  basal  area  per  tree.  The  total  basal  area  per  taxon,  divided  by  the  total  basal 
area  of  all  trees  provides  an  estimate  of  relative  dominance.  Relative  density  was  obtained 
by  dividing  the  number  of  individual  trees  per  taxon  by  the  total  number  of  trees  sampled. 
An  IV,  based  upon  a  sum  total  of  200,  was  then  obtained  for  each  taxon  by  adding 
relative  dominance  and  relative  density  values. 

Initially,  the  main  objective  of  this  study  was  to  evaluate  the  long-term  effects  of  river 
impoundment  on  forest  composition.  However,  the  effects  of  the  1993  flood  were  so 
apparent  during  our  field  sampling  that  we  decided  those  effects  had  to  be  assessed  as  well. 
Thus,  during  our  transect  sampling,  we  noted  whether  each  individual  tree  was  alive  or 
dead.  If  a  tree  was  dead,  it  was  closely  examined  to  determine  whether  it  died  after  the 
1993  flood  or  whether  it  was  likely  dead  before  the  flood.  This  was  not  difficult  because 
trees  killed  by  the  flood  usually  had  portions  of  their  bark,  twigs,  and  buds  still  intact, 
whereas  trees  dead  before  1993  showed  more  advanced  signs  of  decay.  The  1996  data  were 
then  divided  into  two  categories,  the  trees  that  were  alive  before  1993  (preflood)  and  the 
trees  that  were  alive  after  1993  (postflood). 

Since  1878  the  U.S.  Army  Corps  of  Engineers  has  recorded  daily  river  water  levels  at  the 
Pearl,  Illinois  gage.  We  plotted  these  data  over  time  to  assess  hydrologic  patterns 
affecting  the  study  area  (Fig.  2).  While  the  location  of  the  gage  station  is  43.2  miles 
upstream  of  Calhoun  Point,  the  data  are  representative  of  the  hydrologic  changes 
affecting  the  study  area. 


RESULTS  AND  DISCUSSION 


Hydrology 

The  hydrologic  time  line  plotted  in  Fig.  2  can  be  broken  down  into  three  distinct  time 
periods;  1.)  prediversion,  2.)  diversion-predam,  and  3.)  postdam.  In  spite  of  the  effects  of 
Lake  Michigan  water  diversion  (beginning  in  1 894)  and  the  effects  of  river  impoundment 
(beginning  in  1938),  the  annual  hydrologic  pattern  within  each  time  period  is  still 
characterized  by  flood  pulses  (Junk  et  al.,  1989).  Although  flood  pulses  are  still 
pronounced,  annual  low-flow  periods  have  been  severely  affected.  In  the  prediversion 
period,  river  stages  dropped  in  late  summer  to  approximately  412.5  feet  above  mean  sea 
level  at  river  mile  43.2.  In  the  second  period,  identified  by  diversion  of  Lake  Michigan 
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water,  river  stages  were  artificially  raised  because  of  increased  discharge.  As  a 
consequence,  water  levels  never  dropped  below  417.0  feet.  In  the  current  period,  identified 
by  river  impoundment  (postdam),  water  levels  have  never  dropped  below  418.0  feet. 
Another  change  apparent  in  the  postdam  hydrologic  pattern  is  increased  irregularity, 
whereas  before  1894  the  hydrographs  were  generally  smooth.  These  changes  in 
hydrologic  patterns  over  a  relatively  short  time  are  a  reflection  of  many  human  alterations 
to  the  Illinois  River  and  its  basin.  Today,  river  stages  rise  and  fall  more  quickly  due  to 
river  constriction  by  levees,  increased  water  delivery  via  channelized  tributaries,  and 
destruction  of  wetlands  and  other  native  vegetation  types  throughout  the  region.  Another 
important  consideration  is  the  possibility  that  the  climate  affecting  the  UMRS  is  now  in 
a  wet  cycle  (Singh  and  Ramamurthy,  1990). 

Presettlement  Forest  Community 

According  to  survey  records  of  the  General  Land  Office  (GLO),  the  presettlement  forest 
composition  at  Calhoun  Point  can  be  described  as  a  mixture  of  several  codominant  taxa 
(Table  1).  Hackberry  {Celtis  occidentalis)  had  the  highest  IV  at  30.4,  followed  by  pecan 
(Carya  illinoensis)  at  30.0,  American  elm  (Ulmus  americana)  at  22.1,  willow  {Salix  spp.) 
at  20.7,  cottonwood  {Populus  deltoides)  at  20.4,  silver  maple  at  16.1,  pin  oak  (Quercus 
palustris)  at  11.5,  and  other  oaks  at  10.8.  Plat  maps  and  tree  density  estimates  indicate 
that  prairie,  savanna  and  open  woodland  communities  were  also  common  to  the 
presettlement  floodplains  of  the  lower  Illinois  River  valley  (Turner,  1934;  Zawacki  and 
Hausfater,  1969;  Nelson,  et  al.,  1994).  Fire  has  long  been  recognized  as  an  important 
disturbance  mechanism  affecting  prairies,  savannas,  and  open  woodlands  throughout  the 
uplands  of  the  midwest.  Fire,  however,  is  not  generally  considered  to  have  been 
important  along  large  river  floodplains  because  conditions  were  presumably  too  wet.  We 
speculate  that  fire  was  an  important  disturbance  mechanism  affecting  presettlement  plant 
communities  along  the  floodplains  of  the  lower  Illinois  River  valley  —  particularly  on  the 
higher  elevation  sites.  We  have  no  reason  to  believe  that  fu*es  moving  across  upland 
landscapes  would  be  easily  extinguished  upon  arriving  at  the  edge  of  the  Mississippi  and 
Illinois  river  floodplains.  This  would  be  especially  true  during  periods  of  drought  when 
the  floodplains  became  extremely  dry  and  susceptible  to  fire.  Conversely,  flood  regime 
was  probably  the  principal  disturbance  mechanism  affecting  plant  communities  on  the 
lower  elevations. 

Diversion-Predam  Forest  Community 

The  dominant  tree  at  Calhoun  Point  in  1938  was  silver  maple.  By  the  time  Yeager  and 
Muller  conducted  their  surveys  to  assess  the  anticipated  effects  of  river  impoundment, 
silver  maple  had  already  become  the  dominant  species  with  an  IV  of  84.7  (Table  1).  In 
the  121  years  since  the  original  GLO  survey,  human  settlement  along  the  Illinois  River 
increased  phenomenally  with  profound  effects  on  the  hydrology  and  native  vegetation  of 
the  valley  (Turner,  1934;  Starrett,  1972;  Nelson  et  al.,  1994).  Forests  were  logged  for 
steamboat  fuelwood  and  for  home  construction,  cooking,  and  heating,  whereas  floodplain 
prairies  and  savannas  were  converted  to  agriculture.  Near  the  end  of  the  19th  century,  the 
city  of  Chicago  began  diverting  Lake  Michigan  water  into  the  Illinois  River  via  the 
Chicago  Sanitary  and  Ship  Canal.  This  diversion  artificially  increased  minimum  water 
surface  elevations  approximately  4.5  feet  (river  mile  43.2)  between  1894  and  1938  (Fig. 
2).  The  diversion  flooded  and  ultimately  killed  thousands  of  acres  of  bottomland  forests. 
The  rise  in  water  table  likely  caused  a  shift  in  species  composition  favoring  more  water 
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tolerant  species  such  as  silver  maple  and  forcing  out  some  of  the  less  flood  tolerant  oaks. 
Agriculture  also  affected  forest  composition  throughout  the  UMRS.  Floodplain  farming 
is  most  extensive  on  the  higher  elevations  where  flooding  is  less  frequent  and  soils  are 
better  drained.  Many  lands  now  used  for  farming  may  once  have  supported  extensive  oak 
savannas  and  woodlands. 

The  increasing  dominance  of  silver  maple  on  the  floodplains  of  the  upper  Mississippi  and 
Illinois  Rivers  has  received  little  attention  compared  with  increasing  sugar  maple 
dominance  in  the  uplands  of  the  midwest.  Ecologists  studying  presettlement  vegetation 
patterns  in  the  uplands  of  the  midwest  have  long  attributed  the  development  and 
maintenance  of  prairies,  savannas,  and  open  woodlands  to  frequent  disturbance  by  fire 
(Ebinger,  1986;  Packard,  1993).  Maples  are  fire  sensitive  and  thus  are  not  prevalent  in 
forest  stands  that  are  periodically  burned  (Abrams,  1992).  Prairies,  savannas,  and  open 
woodland  communities  were  important  features  along  the  floodplains  of  the  lower  Illinois 
River  valley  before  settlement  (Turner,  1934;  Zawacki  and  Hausfater,  1969;  Nelson  et  al., 
1994).  Fire,  therefore,  was  likely  an  important  disturbance  mechanism  affecting  some 
floodplain  plant  communities,  particularly  those  communities  on  the  highest  elevations. 
Even  as  late  as  1938,  Muller  noted  the  effects  of  fire  in  and  around  Calhoun  Point: 
"Bums  are  most  common  on  the  sandy  levees  in  the  central  part  of  the  area  where  the 
naturally  more  open  forest  allows  greater  shrub  and  grass  growth,  thus  providing  more 
fuel.  Disturbances  in  this  central  area  of  more  open  growth  produce  effects  which  are 
more  lasting  than  in  the  elm  and  maple  forests  of  lower  elevations".  Muller  further 
observed;  "Several  severe  burns  have  occurred  in  this  type  [pin  oak-bur  oak  forest]. 
Evidence  of  such  [a  bum]  about  two  years  old  can  be  seen  on  the  north  side  of  Bmshy 
Lake.  Here  the  area  is  coming  up  in  root  sprouts  and  saplings  of  ulmus,  quercus,  etc., 
and  shrubs  seem  to  have  been  definitely  favored  by  the  burn".  Silver  maple,  like  its 
cousin  the  sugar  maple,  is  highly  susceptible  to  fire  and  thus  would  not  have  survived 
well  at  higher  floodplain  elevations  that  periodically  burned  and  that  were  rarely  flooded. 
Conversely,  by  raising  the  water  table  on  the  floodplain  and  reducing  fire  fi’equency, 
humans  have  inadvertently  altered  the  natural  disturbance  regimes  under  which  the 
presettlement  vegetation  had  evolved. 

Postdam-Preflood 

River  impoundment  in  1938  again  raised  water  levels  and  transformed  many  of  the  low 
ridge  sites  within  Calhoun  Point  into  mud  flats.  Tree  mortality  among  all  taxa  on  these 
sites  ranged  between  50  and  100%  (Yeager,  1949).  Silver  maple  exhibited  nearly  50% 
mortality  and  pin  oak  exhibited  100%  mortality.  Yeager  did  not  quantify  seedlings  in  the 
understory,  but  silver  maple  regeneration  must  have  been  successful  because  the  relative 
density  of  silver  maple  increased  during  the  decades  after  impoundment.  During  the  same 
time  period,  the  relative  dominance  of  silver  maple  also  increased  as  trees  grew  larger  in 
diameter.  Just  before  the  1993  flood,  silver  maple  represented  almost  half  (98.2)  the  total 
IV  of  all  trees  within  Calhoun  Point  (Table  1).  Other  taxa  that  substantially  increased  in 
IV  include  ash  {Fraxinus  spp.),  box  elder  {Acer  negundo),  hackberry,  and  willow.  With 
the  exception  of  hackberry,  each  of  these  taxa  are  very  flood  tolerant  (Bratko vich  et  al., 
1993).  Hackberry,  though  more  sensitive  to  flooding,  is  moderately  shade  tolerant  and 
was  most  often  observed  as  an  abundant  understory  species  with  only  a  few  scattered 
individuals  ever  reaching  the  canopy.  Willow  was  most  often  observed  growing  on  newly 
formed  sites  created  by  heavy  sedimentation  around  backwater  lakes  and  sloughs.  Taxa 
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with  the  greatest  declines  in  IV  included  American  elm  and  pin  oak.  The  introduction  of 
Dutch  elm  disease  to  the  United  States  in  1930  may  explain  the  decline  of  American  elm 
at  Calhoun  Point  whereas  hydrologic  alterations  are  likely  most  responsible  for  the 
decline  of  pin  oak.  Perhaps  equally  as  important  as  the  damaging  effects  of  a  pathogen  on 
one  species  are  the  competitive  advantages  it  can  furnish  another.  Whereas  Dutch  elm 
disease  now  prevents  American  elms  from  ever  reaching  the  overstory,  the  disease,  by 
eliminating  a  competitor,  gives  silver  maple  an  advantage  in  reaching  the  overstory. 
Other  postdam  forest  studies  have  also  documented  silver  maple  as  the  dominant  tree 
species  throughout  much  of  the  UMRS  (Havera  et  al.,  1980;  Yin  et  al.,  1994). 

Post-flood 

The  great  flood  of  1993  was  a  unique  event  in  terms  of  its  areal  extent  and  duration  (Fig. 
2).  Most  spring  floods  along  the  UMRS  end  by  late  June,  but  the  1993  flood  lasted 
throughout  much  of  the  1993  growing  season.  The  U.S.  Army  Corps  of  Engineers 
report  the  duration  of  flooding  at  Grafton  was  195  days  between  March  26  and  October 
10,  1993  (US  Army  Corps  of  Engineers,  1994).  A  forest  survey  conducted  in  the 
aftermath  of  the  1993  flood  indicates  tree  mortality  was  approximately  37.2%  among 
trees  (dbh  >  4  inches)  along  the  floodplains  of  the  lower  Illinois  River  and  a  nearby 
segment  of  Mississippi  River  (Yin  et  al.,  1994).  Mortality  was  even  higher  (80.1%)  for 
understory  saplings  (Yin  et  al.  1994).  At  Calhoun  Point,  our  data  indicate  the  overall 
mortality  of  trees  was  44.1%.  This  slightly  higher  mortality  estimate  is  likely  the  result 
of  mortality  occurring  after  the  1994  study.  Overall,  there  was  a  30.0%  reduction  in  live 
basal  area  along  the  six  transects  sampled  at  Calhoun  Point  due  to  the  1993  flood  (trees  > 
5.0  inches  dbh). 

The  long-term  effects  of  the  1993  flood  have  yet  to  unfold  completely,  but  it  is  likely 
that  silver  maple  will  continue  to  be  the  overwhelming  dominant  species.  After  the 
flood,  silver  maple  again  gained  dominance  (rV=  110.0),  while  most  other  taxa  declined 
(Table  1).  Larger  silver  maples  generally  survived  the  flood,  but  oaks  exhibited  high  flood 
mortality  regardless  of  age  or  size.  Survivorship  among  mature  trees  is  important 
because  these  trees  will  provide  the  seed  for  the  next  forest.  Thus,  seeds  of  silver  maple 
will  be  very  abundant,  while  oak  acorns  will  be  very  limited.  Silver  maple  seedlings  are 
also  moderately  shade-tolerant  which  should  enable  them  to  regenerate  well  beneath 
moderately  impacted  forest  stands. 


CONCLUSIONS 

The  trend  of  increasing  silver  maple  dominance  at  Calhoun  Point  is  a  strong  indication 
that  the  natural  disturbance  pattern  has  been  altered  over  the  past  180  years.  At  the 
ecosystem  level,  hydrologic  alterations  and  reduction  in  fire  frequency  are  two  of  the  most 
important  processes  to  consider.  Increases  in  rainfall  of  25%  during  the  four-month  flood 
season  (March-June)  during  the  last  20  years  contribute  to  increasing  flood  heights  and 
frequency  (Singh  and  Ramamurthy,  1990).  Human  alterations  of  the  watershed,  the 
floodplain,  and  the  river  itself  are  also  important  and  perhaps  dominant  factors.  Any 
increase  in  river  water  levels  to  deepen  the  navigation  channels  of  the  UMRS  will 
undoubtedly  further  reduce  forest  diversity.  Likewise,  forest  diversity  will  decrease  if 
"great  floods"  like  that  of  1993  continue  to  increase  in  frequency  and  intensity. 
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Most  of  Illinois  (83.1%)  is  now  in  row  crop  agriculture,  pasture,  or  urban  and  suburban 
developments  (SCS,  1992).  In  such  an  altered  landscape,  it  is  surprising  that  half  the 
floodplain  of  the  Illinois  River,  and  of  the  Mississippi  River  upstream  from  St.  Louis, 
remains  unleveed  and  open  to  flooding  by  the  rivers  (Delaney  and  Craig,  1997).  There  is 
an  opportunity  to  restore  and  maintain  a  substantial  portion  of  the  natural  communities 
observed  in  the  early  19th  century  by  the  GLO  surveyors  on  the  river  floodplains.  The 
floodplains  and  rivers  could  provide  nearly  contiguous,  linear  corridors  of  natural 
vegetation  for  outdoor  recreation,  wildlife,  and  for  bird  migrations  (both  rivers  are  part  of 
the  Mississippi  flyway)  in  a  landscape  whose  uplands  are  otherwise  dominated  by  row 
crop  agriculture. 

If  society  considers  it  desirable  to  restore  and  maintain  the  natural  communities  of  the 
floodplain,  the  following  steps  would  have  to  be  taken.  (1)  Minimum  water  elevations 
should  not  be  increased.  Such  increases  might  be  proposed  as  part  of  the  on-going 
planning  by  the  Corps  of  Engineers  for  an  expansion  of  navigation  capacity  on  the 
UMRS.  (2)  Unnaturally  frequent  and  extreme  flooding  during  the  growing  season  should 
be  reduced  by  increasing  water  detention  and  desynchronizing  flood  peaks  from  tributary 
basins,  and  by  increasing  the  capacity  to  store  and  convey  floodwaters  on  the  floodplain. 
Rood  heights  would  decrease  on  a  floodplain  less  constricted  by  levees.  Selected  levee 
districts  might  be  used  to  convey  floodwaters,  after  flooding  easements  or  outright 
purchases  were  negotiated  with  landowners.  (3)  Some  tree  taxa,  particularly  oaks,  would 
need  to  be  planted  because  of  the  limited  natural  seed  sources  currently  available. 
Successful  oak  establishment  would  benefit  native  wildlife  and  enhance  recreational 
opportunities.  (4)  Prairies  should  be  restored  and  fire  reintroduced  to  the  floodplain. 
Lands  currently  used  for  row  crop  agriculture  within  wildlife  refuges  and  in  state  managed 
wildlife  areas  could  be  restored  to  prairies  and  savannas.  The  native  wet-prairie  or  moist 
soil  plants  could  replace  com  as  food  for  migratory  waterfowl,  but  additional  state  Hinds 
might  be  needed  to  replace  income  from  farming  leases  that  currently  defray  operating 
expenses  on  some  state  wildlife  areas. 
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Figure  1 .  Location  of  Calhoun  Point  study  area  at  the  confluence  of  the  Illinois  and 
Mississippi  rivers.  At  top  are  the  locations  of  the  six  transects  across  the 
study  area  which  were  used  to  sample  forest  composition.  Adapted  from 
Yeager  (1949). 
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Figure  2.  Historic  daily  water  surface  elevations  (measured  as  feet  above  mean  sea  level) 
recorded  at  Illinois  River  mile  43.2  (distance  upstream  of  the  confluence  with 
the  Mississippi  River).  Gaps  in  the  hydrograph  are  days  when  water  levels 
were  not  recorded.  Flood  stage  is  indicated  by  dashed  horizontal  line  (424.0 
ft).  Mean,  minimum,  and  maximum  water  surface  elevations  presented  for 
each  six  year  time  period. 


Water  Surface  Elevation  (feet) 


44 


Figure  2.  continued 
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Figure  2.  continued 


Table  1.  Relative  dominance,  relative  density,  and  importance  value  (rel.  dom  +  rel.  den)  for  live  trees  (dbh  >  5  inches)  sampled  along  six 
transects  at  Calhoun  Point  in  1938  and  1996.  Presettlement  data  (1817)  obtained  from  General  Land  Office  survey  records  of  Calhoun 
_ Point  and  surrounding  floodplain  areas  (Nelson  et  al.  1994).  Taxa  ranked  by  IV  in  1817. _ 


46 


"O 

o 

o 


CO 

ON 

o^ 

bZ 

ca  ^ 

T3  o 

■>->  Oli 

O 

'Cu 

B 

a 

00 

cn 

Os 

Os 


Cu 


u  s 

PC  Q 


(U 

PC 


B 

o 

Q 


(U 

PC 


(U 

Oi 


c 

(U 

Q 


B 

o 

Q 


S  I— J 


d  -o 

c  Cu 

• 

cd  1 

c 

CO  c 

(U 

(U 

0 

m  uh 
Os  <U 

Q 

> 

Q 


I  ° 

“  Q 


<u 

u 

o 

a, 

c/3 

</3 

G 

d) 

o 


cooNoo^ooor'-^ 

oor^cNr^OcnON 

(  .-H  T— I 


^  od  idd’-H'd—^*  -d 


OCS  O’— I  :r4TtO\COCN 

dr^  dd  -dddd-^ 


VO 

d 


cs  ’  <N  r'  wo 


wo 


ovocsvowor^csm 
wo  ^ 


wo  m  oo 


<N  wo  wo 


r^r^ovavvooovo-^ 

^  Ov  CN 


Tj-ooooovrtcNmr^ 
ci  ri  vd  m  ^  wo  <N  <N 

1 — I  I 


r-^WOOCOt^O^OO 

wo  rt  m  wo  rt  m  ^ 

wo  ^ 


<N  wo 


oo 


wo  m  00  cN  wo 

I— I  CN  00  ’-H 


ICOCSWO'^VO 

^  d 


O  VO  wo 


0\  CS  Tf  wo 


CN  f<0  »-H 
T^VOtN— 'WO 

r-H  Tt  I— I 


oo  rTti-Hoo^d-wo  I’—' 

drf*  dd  -ddddd  -d 


,-H.— 1  ;t~^ir)W0^W0  :Tt 

dd  dd  ^ddoidci  -d 


o  <N  o  -rf  ON  wo  00  :  Tt 

dod  dd  -ddddd  :d 


oov  oo  :wo^wovooo 

dd  dd  -ddddd 


•^wo  OOOO^OOVOCNCNVOCN 

•  •  •••••••«• 

Owo  oo-— 'O'— I'^CSrtO 


CSIt— I  _HTl-r-HUO<NVOOO^<N 

•  •  ••••«•••• 

O-^  Tt*— 'OO^r— 'OmO 


cs-^  vOTfOfOCOVO'^WO^ 

d  d  d  d  d  d  d  d  d  d  d 


0 

r- 

_ 

wo 

CD 

00 

00 

CN 

WO 

_ 

00 

00 

0 

'^  :  :  : 

VO 

I.V 

d 

m 

d 

CO 

c4 

cs 

d 

cs 

d 

cs 

so 

d 

wo 

WO 

CO 

CO 

CN 

*  •  •  • 

Os 

G  2 

c  c 

cd  <u  ^ 

G 

wo 

m 

CO 

CO 

cn 

CN 

fS 

CD 

0 

CD 

0  •  •  ■ 

00 

00  0  <D 

sd  B 

cu 

(L> 

Q 

d 

Os 

OS 

CN 

H 

d 

d 

r-H 

CO 

vd 

WO 

d 

CO 

CN 

CN 

• 

Os 

. 

Dom. 

OV 

00 

CO 

00 

00 

VO 

0 

00 

00 

r- 

I  I  I 

00 

c4 

d 

CS 

c4 

ocj 

d 

wd 

00 

d 

WO 

CN 

d 

d 

/^  •  *  • 

c  _  3  •  •  • 

CJv 

JS 

u 

o 


•S 

s 

c 

•l»4 

Cj 


tj 


00 

c 

a 


c/3 

t-i 

CO 


o 

c 

<u 

G 


03 

c 

o 

Si 


<4) 


5  S 

03  S 
Si 

.g 


a  Q 

I  :S  I. 

O  O  oo.ft., 


03 

'C 

Is 

5| 

P  -S 

0)k, 


<3 

a 

O) 

■3 

<3 


X 

JO 

o 


6 

cd 

<3 


03 

O 

-Si 


-S 
S’! 

O) 


i 

C30  <3 


d 

C/5 

§s 

Vj 


Q 


03 
•».» 
03 

C 

03 

§  9-  § 

Q  52 

cS  ^  P 

^  vS 
^  O 


hJ 

•52 

s 

Si 

VJ 

o 

O 

03 

a 

c 

<3 


43 

o 

o 

J 


o 

Oh 

X 

43 

O 


a 

.  2 
CX  <3 
D. 

c/3  Vj 

a  E 

00  52 

.§  P  ^ 
a,  O  O) 


Q 

C 

a 


d  go 

•2?  § 
Si  C 
N  ^ 

S’ 

a  52 

-S 

qq  Q 


S  ’5 
^  a 


On 

a 

•"•■■A 

O 

o 
c 

o  t 


o 

a 

P 

*  •«* 

P 


o 

o 

CN 


O 

o 


o 

o 


o 

o 

CN 


o 

o 


o 

o 


o 

o 

(N 


o 

o 


o 

o 


c/3 

*-> 

o 

H 


Transactions  of  the  Illinois  State  Academy  of  Science 
(1998),  Volume  91,  1  and  2,  pp.47-52 


received  3/1/97 
accepted  6/2/97 


The  Effect  of  Seed  Predation  on  Pod 
Abortion  by  the  Prairie  Legume, 
Baptisia  leucophaea 


Chris  E.  Petersen,  Stephan  C.  Lindsey,  David  M.  Dudgeon,  and  Rebecca  A,  Pertell 
Natural  Sciences,  College  of  DuPage,  Glen  Ellyn,  IL  60137 


ABSTRACT 

The  effect  of  seed  predation  on  pod  abortion  was  examined  within  a  population  of  Baptisia 
leucophaea.  The  perennial  is  infested  by  the  predispersal  seed  predator,  Apion  rostrum. 
The  difference  between  pods  initiated  and  pods  ripened,  or  pod  loss,  served  as  an  estimate 
of  pod  abortion.  Plants  treated  with  sticky  Tanglefoot  in  an  attempt  to  reduce  weevil 
infestations  showed  significantly  higher  mean  counts  of  seeds/plant,  pods  ripened  per 
plant,  and  lower  pod  loss.  Tanglefoot  reduced  seed  predation  and  pod  abortion  in  B. 
leucophaea.  Pod  inflation  indicates  pollination,  but  some  only  partially  inflate  and  tend 
to  wither  prior  to  ripening.  These  pods  were  found  to  possess  significantly  fewer  seeds 
than  inflated  pods,  suggesting  the  legume  selectively  aborts  pods  having  few  seeds. 
Weevils,  however,  were  not  found  in  these  pods.  Thus,  the  effect  of  seed  predation  on 
selective  abortion  of  the  partially  inflated  pods  could  not  be  determined. 

INTRODUCTION 

Fruit  abortion  is  common  among  plants  and  is  usually  explained  as  either  an  inability  to 
ripen  all  fruits  or  as  a  means  to  remove  damaged  fruits  which  are  unlikely  to  contribute  to 
plant  fitness  (Janzen  1977,  Niesenbaum  1996,  Stephenson  1981,  Stephenson  et  al. 
1988).  Maximization  of  seed  production  may  depend  on  both  explanations  during  an 
average  year  within  a  heterogeneous  environment  when  the  potential  seed  yield  is  not 
realized.  In  the  following  study,  pod  abortion  was  examined  within  a  population  of 
Baptisia  leucophaea  Nutt.  (Fabaceae)  within  a  reconstructed  tallgrass  prairie  plot  in 
northeastern  Illinois.  Of  special  interest  was  the  effect  of  predispersal  seed  predation  by 
Apion  rostrum  Say  (Coleoptera:  Curculionidae)  on  pod  abortion. 

B.  leucophaea,  or  the  cream  wild  Indigo,  is  widely  distributed  throughout  mesic  prairies  of 
the  Midwest  (Knoph  1979,  Ladd  1995).  The  perennial  blooms  from  early  May  to  June, 
producing  creamy-yellow  flowers  along  mostly  single  racemes  (Swink  and  Wilhelm 
1994).  Plants  clump  in  groups  of  20  or  more  and  project  their  sprawling  racemes 
outward  from  the  aggregate.  Renewed  shoot  growth  by  the  Indigo  begins  with  spring 
thaw  and  continues  until  flowering.  Major  pollinators  are  Bombus  bimaculatus  Cresson 
and  B.  fratemus  Fabricius  (Petersen  1996).  Pods,  formed  soon  afterward,  ripen  by  mid 
August  when  above-ground  tissues  begin  to  die.  Seeds  are  released  as  pods  dehisce  or 
fragment.  Plants  reach  a  length  of  about  1  m  and  clumps  become  hidden  within  the 
emergent  tall  grass  growth  by  August. 
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The  smaller  stature,  earlier  growth  and  pod  production  by  B.  leucophaea  relative  to  its 
tallgrass  congener,  B.  leucantha  Say,  has  been  explained  as  a  strategy  to  reduce  seed 
predation  (Haddock  and  Chaplin  1982).  B.  leucantha  has  been  found  to  selectively  abort 
pods  having  few  seeds,  a  quantity  affected  in  part  by  seed  predation  (Petersen  and  Sleboda 
1994).  However,  B.  leucophaea  is  less  conspicuous  and  also  shows  more  reproductive 
development  prior  to  the  time  when  seed  predators  are  most  abundant.  Hence,  it  was 
interesting  to  examine  how  sensitive  B.  leucophaea  is  to  seed  predation.  In  the  local  area, 
A.  rostrum  is  the  only  seed  predator  of  both  Baptisia  species.  Overwintering  adults 
oviposit  into  pods  as  they  first  develop.  The  weevil  larvae  then  consume  seeds  as  their 
only  source  of  nutrition.  Larvae  pupate  by  July.  Adults  emerge  within  10  days  and 
disperse  as  pods  open. 

MATERIALS  AND  METHODS 

The  study  site  was  a  0.06  ha  reconstructed  tallgrass  plot  located  on  the  northeastern  comer 
of  the  College  of  DuPage  campus.  The  college  lies  within  residential  DuPage  County. 
Usually  burned  annually  in  the  fall  or  spring,  the  25-year  old  plot  is  dominated  by  big 
bluestem  {Andropogon  gerardi  Vitman)  and  Indian  grass  {Sorghastrum  nutans  (L)).  About 
150  B.  leucophaea  populate  the  plot  of  which  105  were  randomly  selected  for  study  during 
spring  bloom. 

Eighty  plants  were  used  in  the  "Tanglefoot  experiment"  which  examined  how  pod  loss  is 
affected  by  reduced  weevil  infestations.  Pod  loss  served  as  an  estimate  of  pod  abortion. 
Reduction  of  weevil  infestations  was  attempted  in  40  of  the  plants  by  applying  a  thin 
smear  of  sticky  Tanglefoot  (Tanglefoot  Co.,  Grand  Rapids,  MI)  around  basal  and  median 
sections  of  racemes.  Tanglefoot,  which  consists  of  castor  oil  (70%),  natural  gum  resins 
(25%),  and  vegetable  wax  (5%),  restricts  movement  of  climbing  insects  and  has  been 
effective  in  reducing  infestations  of  A.  rostrum  on  B.  leucantha  (Petersen  1989,  1990). 
The  remaining  40  plants  were  left  untreated  and  served  as  controls.  We  expected  that  less 
seed  predation  would  result  in  higher  mature  seed  count/pod,  more  plants  with  ripening 
pods,  and  decreased  pod  loss.  The  difference  in  the  mean  mature  seed  count/plant  between 
treatments  indicated  the  effectiveness  of  Tanglefoot  in  reducing  weevil  predation.  Seed 
count/pod  was  measured  by  sampling  five  ripened  pods  per  raceme.  The  pods  sampled 
were  the  most  proximal,  distal,  and  three  between.  If  a  raceme  had  fewer  than  five  pods, 
then  all  were  sampled.  Seed  count/plant  was  computed  as  the  product  of  the  mean  count 
of  seeds/pod  in  the  pods  sampled  multiplied  by  number  of  pods  ripened.  The  number  of 
plants  ripening  pods  and  fraction  pod  loss  were  computed  from  the  difference  in  pods 
initiated  to  those  ripened  per  plant.  Seed  count/plant  and  fraction  pod  loss/plant  were 
compared  between  the  Tanglefoot  and  control  treatments  using  one-tailed  Mann- Whitney 
tests.  The  number  of  plant  ripening  pods  were  compared  between  treatments  by  applying 
the  In-likelihood  ratio  test  (Zar  1984)  where  the  expected  frequency  for  each  group  was 
computed  using  the  grand  mean  fraction  of  plants  ripening  pods.  Also  measured  was  the 
mean  A.  rostrum  count/plant  following  the  same  procedure  used  to  determine  seed 
counts/plant.  This  measurement,  however,  was  not  used  to  evaluate  the  effectiveness  of 
Tanglefoot.  In  the  event  that  the  weevil  might  promote  pod  abortion,  the  number  of 
weevils  in  aborted  pods  would  remain  unknown,  and  thus,  bias  counts  taken  when  pods 
ripened. 
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The  remaining  25  plants  were  used  to  study  the  characteristics  of  aborted  pods. 
Pollination  is  indicated  by  pod  inflation  (Haddock  and  Chaplin  1982).  However,  many 
pods  only  partially  inflate,  with  half  the  length  or  less  inflated.  These  pods  are  smaller  in 
length  and  maximum  diameter  between  lines  of  dehiscence  than  pods  that  fully  inflate, 
and  invariably  wither  on  racemes  or  detach  beneath  plants  prior  to  the  time  of  ripening. 
The  interest  of  this  experiment  was  to  examine  if  the  ’’partially  inflated  pods”  fail  to  fully 
develop  because  of  having  few  seeds  as  caused  by  weevil  seed  predation.  The  25  plants 
were  subdivided  into  5  groups  of  5.  The  groups  were  sampled  sequentially  during 
summer.  The  most  proximal  and  distal  pods  of  each  pod  type  (i.e.,  partially  inflated  or 
inflated)  on  a  raceme  were  sampled.  Pods  were  measured  for  length  and  maximum 
diameter  between  lines  of  dehiscence.  Counts  of  seeds  and  weevils  were  taken.  Weevils 
also  were  noted  for  life  stage.  The  first  subgroup  was  sampled  on  24  June  as  pods  began 
to  form  and  overwintering  adult  A.  rostrum  were  observed  on  plants.  Sampling  of  the 
remaining  subgroups  occurred  at  about  10-day  intervals  to  permit  the  following  of  weevil 
development.  The  final  sample  was  done  on  5  August  as  the  pods  began  to  ripen  and  the 
new  generation  of  weevils  had  matured.  A  distribution-free  randomization  method  (Potvin 
and  Roff  1993)  was  used  to  compare  mean  counts  of  undamaged  seeds/pod  and  of 
weevils/pod.  The  probability  (P)  of  obtaining  the  observed  absolute  difference  between 
means  among  5000  simulated  permutations  was  used  to  compute  significance.  Standard 
error  (SE)  of  each  P  was  calculated  as  -yliPil-P)/  N] ,  where  N  was  5000  or  the  number  of 
permutations. 


RESULTS  AND  DISCUSSION 

A  summary  of  the  Tanglefoot  experiment  is  provided  in  Table  1.  Eighteen  (51%)  of  the 
control  plants  ripened  pods  in  comparison  to  34  (89%)  of  the  Tanglefoot  treated  plants,  a 
difference  which  was  significant  (p<0.05;  G=5.823;  df=l).  Pods  initiated  were  not 
significantly  different  between  treatments.  However,  the  Tanglefoot  treatment  showed 
significantly  higher  mean  seed  count/plant  and  pods  ripened,  as  well  as  a  significantly 
lower  mean  fraction  pod  loss  than  the  control.  Significant  findings  are  evidence  that  seed 
predation  by  A.  rostrum  promotes  pod  abortion. 

Pod  expansion  was  complete  by  the  middle  of  July  (Table  2).  Pods  partially  inflated  were 
smaller  in  length  and  had  smaller  maximum  diameters  between  lines  of  dehiscence  than 
those  inflated.  Mean  seed  counts/pod  from  both  pod  types  did  not  decrease  after  the  16 
July  low  values.  This  observation  coincided  with  the  pupation  and  maturation  of  weevils 
(Table  3).  Mean  seed  count/pod  was  significantly  lower  among  pods  partially  inflated. 
These  pods  which  are  prematurely  aborted  by  B.  leucophaea  have  relatively  few  or  no 
seeds.  Developing  seeds  among  plants,  in  general,  are  known  to  produce  auxins, 
gibberellins,  and  cytokinins  that  control  mobilization  of  nutrients  into,  and  thus  the 
maintenance  of,  fruits  (Bidwell  1974,  Street  and  Opik  1984).  The  lack  of  seeds,  and  thus 
pod-maintaining  hormones,  can  explain  selective  pod  abortion.  However,  the  effect  of 
seed  predation  on  this  selective  pod  abortion  remains  uncertain  as  no  weevils  were  found 
within  the  partially  inflated  pods.  Possibly,  these  pods  lacked  the  nutrition  necessary  to 
support  developing  weevils  or  were  unacceptable  oviposition  sites  for  discriminating  A . 
rostrum. 
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A  comparison  of  plant  propagation  under  field  conditions  would  be  required  to  examine 
the  conclusions  of  Haddock  and  Chaplin  (1982)  concerning  the  contrasting  life  history 
strategies  between  B.  leucophaea  and  B.  leucantha.  However,  in  light  of  the  cessation  of 
ripening  partially  inflated  pods  that  lack  seeds,  competition  for  a  limited  number  of 
pollinators  may  provide  an  alternative  explanation  to  the  timing  of  reproductive 
development.  Early  prolific  flowering  may  enable  B.  leucophaea  to  attract  the  few  spring 
pollinators,  but  at  a  consequence  of  subsequent  excess  pod  production.  Rapid  growth  and 
ripening  of  pods  to  support  those  which  mature  seeds  may  enable  reproductive  success  for 
the  small  legume  in  the  rapidly  emergent  tallgrass  community.  This  alternative 
hypothesis  predicts  greater  pod  loss  in  plants  having  few  seeds  attributed  to  predation. 
Nonetheless,  evidence  is  required  concerning  abortion  of  pods  in  which  seeds  have  been 
eaten.  Future  investigations  should  more  carefully  follow  all  pod  types  to  the  ripening 
stage  to  scrutinize  the  relationship  between  seed  and  A.  rostrum  count/pod. 
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Table  1.  Summary  of  Baptisia  leucophaea  reproductive  yield  and  Apion  rostrum  counts 
( X  ±  s  (n)).  Significance  pertains  to  statistical  comparison  between  control 
and  Tanglefoot  treatments  of  reproductive  yield  counts.  Symbols:  C  =  control 
treatment;  T  =  Tanglefoot  treatment;  *significant  (p<0.05);  and  NS  =  not 
significant. 


Treatment _  Significance 


C 

T 

Seed  count/plant 

18.4  ±38.9  (34) 

19.1  ±31.8  (36) 

* 

Pods  initiated/plant 

21.9  ±  10.6  (35) 

26.4  ±  2.5  (38) 

NS 

Pods  ripened/plant 

4.5  ±  5.5  (35) 

6.1  ±0.9  (38) 

* 

Fraction  pod  loss/plant 

0.81  ±0.25  (35) 

0.76  ±  0.03  (38) 

* 

Apion  rostrum  count/plant 

6.3  ±  6.6  (16) 

4.0  ±  4.3  (32) 

Table  2.  Comparison  of  pod  length  and  maximum  diameter  of  pods  fully  inflated  and 


those  partially  inflated  on  Baptisia  leucophaea  ( x  ±  s)  according  to  sampling 
date.  All  sample  sizes  equaled  10.  Symbols:  FI  =  pods  fully  inflated;  and  PI  = 
pods  partially  inflated. 


Date 

Pod  type 

Length 

Diameter 

24  June 

FI 

32.3  ±  3.97 

5.35  ±  1.56 

PI 

17.9  ±  3.28 

1.85  ±0.47 

9  July 

FI 

28.9  ±4.51 

11.7  ±3.59 

PI 

14.6  ±  4.93 

3.50  ±2.17 

16  July 

FI 

38.0  ±  6.86 

16.2  ±  3.22 

PI 

14.4  ±6.83 

4.20  ±  2.66 

25  July 

FI 

33.7  ±  5.08 

16.4  ±  3.56 

PI 

12.1  ±2.90 

3.11  ±  1.84 

5  August 

FI 

35.2  ±  3.36 

16.3  ±  1.44 

PI 

14.4  ±  2.55 

5.00  ±  2.09 
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Table  3.  Apion  rostrum  development  and  statistical  comparison  of  A.  rostrum 
counts/pod  and  seed  counts  of  Baptisia  leucophaea/pod  ( x  ±  s)  according  to 
sampling  date.  All  sample  sizes  equaled  10.  Symbols:  FI  =  pods  fully 
inflated;  PI  =  pods  partially  inflated;  P  =  probability;  and  SE  =  the  standard 
error  of  the  probability. 


Date 

Pod 

type 

Contribution 
of  A.  rostrum 
life  stage  (%) 

Weevils/ 

pod 

P;  SE 

Seeds/pod 

P;  SE 

24  June 

FI 

Egg  (86%), 

0.7  ±  0.8 

1 

7.8  ±  3.6 

0.49;  0.003 

larva  (14%) 

1 

PI 

1 

8.9  ±  5.5 

9  July 

FI 

0±0 

1 

14.3  ±  1.5 

0.002;  0.001 

PI 

0±0 

1 

6.2  ±  5.4 

16  July 

FI 

Larva  (88%), 

0.8  +  0.6 

0;  0 

1 

3.0  ±  2.2 

0.013;  0.002 

pupa  (12%) 

1 

PI 

0±0 

1 

0±0 

25  July 

FI 

Pupa  (100%) 

0.1  ±0.3 

0.002;  0.028 

1 

5.6  ±  3.3 

0;  0 

PI 

0±0 

1 

0.9  ±  1.9 

5  August 

FI 

Pupa  (8%), 

1.3  ±  1.1 

0.001;  0 

1 

3.6  ±  3.5 

0.008;  0.001 

adult  (92%) 

1 

PI 

0±0 

1 

0.6  ±  1.4 
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ABSTRACT 

The  first  known  occurrence  in  Illinois  of  Trepocarpus  aethusae  Nutt,  is  documented. 
Treposcarpus  aethusae,  an  annual  species  (family  Apiaceae)  that  is  uncommon  throughout 
much  of  its  southeastern  United  States  range,  was  discovered  in  July  1994  at  the  edge  of  a 
floodplain  forest  near  the  Ohio  River  in  Massac  County,  Illinois.  Several  colonies  were 
observed  in  degraded  and  undegraded  habitats  during  1994  and  1996.  This  taxon  appears  to 
be  a  native  species  adapted  to  periodic  disturbances  in  floodplain  habitats. 

INTRODUCTION 

Trepocarpus  aethusae  Nutt.,  a  plant  species  previously  unreported  in  Illinois,  was 
discovered  near  the  town  of  Metropolis  in  Massac  County,  Illinois  in  1994.  Several 
distinct  colonies  occurred  at  the  edge  of  a  young  to  sub-mature  (estimated  age  from  40  to 
60  years)  floodplain  forest.  Specimens  (Taft  #1205,  1315-1318)  are  preserved  in  the 
herbarium  collection  of  the  Illinois  Natural  History  Survey,  Champaign,  Illinois  (ILLS). 

METHODS 

Trepocarpus  aethusae  was  discovered  in  July  1994  by  the  senior  author  during  a  biological 
survey  and  wetland  delineation  for  the  Illinois  Department  of  Transportation  (IDOT) 
related  to  proposed  improvements  to  U.S.  Route  45  (Keene  and  Wilm  1995).  The  junior 
author  made  population  estimates  and  described  the  habitat  and  associate  species  of  T. 
aethusae  in  August  1994  and  May  and  August  1996,  during  a  botanical  survey 
emphasizing  threatened  and  endangered  species  and  natural  areas  for  the  same  IDOT  project 
(Taft  1995,  1997).  Botanical  nomenclature  for  this  report  follows  Mohlenbrock  (1986) 
and  Gleason  and  Croquist  (1991). 

RESULTS  AND  DISCUSSION 

Trepocarpus  aethusae  is  a  monotypic  herb  that  ranges  across  the  southeastern  United 
States,  from  Texas  and  Oklahoma  to  South  Carolina  (Small  1972,  Radford  et  al.  1968). 
The  previous  northern  range  limit  known  for  this  species  is  in  western  Kentucky 
(Gleason  and  Cronquist  1991,  Medley  1993).  This  species  is  considered  rare  throughout 
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its  range  (Gleason  and  Cronquist  1991)  and  it  is  listed  as  endangered  in  at  least  one  state 
(Kentucky  State  Nature  Preserves  Commission  1996). 

Trepocarpus  aethusae  is  a  glabrous,  tap-rooted,  annual  species  with  an  erect  growth  form 
to  0.6  m  tall.  Leaves  are  pinnately  decompound;  the  ultimate  leaf  segments  are  linear 
with  mucronulate  tips.  The  plants  have  a  distinctive  and  somewhat  pleasant  turpentine¬ 
like  odor.  The  inflorescence  is  a  compound  umbel  subtended  by  a  few  foliaceous 
involucral  bracts.  The  fruit  is  an  oblong,  sharply  ribbed  schizocarp  8-10  mm  long 
containing  two  thick-walled  mericarps.  Mericarps  containing  one  seed  each  remain 
attached  near  the  stylopodium  at  the  top  of  the  fruit  at  least  until  late  August  in  southern 
Illinois.  Mericarps  of  T.  aethusae  float  in  water  for  at  least  one  week  (pers.  obs.), 
suggesting  that  water  may  be  an  important  dispersal  mechanism  for  this  species. 

Trepocarpus  aethusae  blooms  in  the  primary  portions  of  its  range  from  May  to  June 
(Gleason  and  Cronquist  1991).  However,  in  Illinois  it  blooms  until  early  August  and 
plants  observed  and  collected  on  30  May  1996  had  not  begun  to  flower.  This  suggests 
that  plants  in  the  northern  portion  of  this  species'  range  may  bloom  later,  perhaps  from 
late  June  to  early  August.  Most  plants  in  southern  Illinois  had  fruits  on  7  August  1996 
and  fruits  were  still  attached  on  more  senescent  plants  observed  on  23  August  1994. 

Trepocarpus  aethusae  is  known  to  occur  on  both  dry  and  moist  soils  and  is  classified  as  a 
facultative  wetland  species  by  the  U.S.  Fish  and  Wildlife  Service  (Reed  1988).  Similarly, 
it  has  been  reported  from  a  variety  of  mostly  wetland  habitats,  including  moist  low 
ground,  margins  of  swamp  forests,  margins  of  streams,  sandy  river  bottoms,  floodplain 
forests,  lake  margins,  marshy  meadows,  moist-to-wet  clearings,  and  various  roadside 
habitats  (Radford  et  al.  1968,  Godfrey  and  Wooten  1981,  Gleason  and  Croquist  1991, 
Medley  1993).  A  total  of  five  colonies,  numbering  500  to  1,000  plants  each,  have  been 
found  in  and  adjacent  to  Fort  Massac  State  Park,  in  a  local  area  adjacent  to  the  floodplain 
of  Massac  Creek  and  near  U.S.  Route  45.  One  colony  on  private  land  was  nearly 
destroyed  recently;  only  three  plants  remained  in  1996.  Trepocarpus  aethusae  tolerates 
full  sun,  but  is  most  abundant  in  the  partial  shade  of  forest  openings.  Colonies 
consistently  occurred  in  a  narrow  contour  interval  just  above  a  zone  of  frequent  flooding. 
The  nearby  highway  embankment  provides  this  contour  interval  and  numerous  plants 
were  established  on  this  disturbed  habitat  in  1994  and  1996.  Within  the  park,  T.  aethusae 
occurs  on  undisturbed  soils  at  the  edge  of  floodplain  forest  habitat. 

Associate  tree  species  in  the  floodplain  forest  habitat  include  Quercus  pagoda  and  Quercus 
palustris  as  canopy  dominants.  Occasional  forest  canopy  species  include  Acer 
saccharinum,  Fraxinus  pennsylvanica,  Platanus  occidentalism  Robinia  pseudoacackim  and 
Ulmus  americana.  Subcanopy  species  include  Crataegus  mollis,  Diospyros  virginiana, 
Prunus  serotina,  and  Ulmus  alata.  Shrubs  and  vines  present  include  Amorpha  fruticosa, 
Aristolochia  tomentosa,  Campsis  radicans,  Lonicera  japonica,  Parthenocissus 
quinquefolia,  Rhus  copallina,  Rosa  multiflora,  Rubus  allegheniensis,  Symphoricarpos 
orbiculatus,  and  Toxicodendron  radicans.  Herbaceous  associates  include  Carex  caroliniana, 
C.  muskingumensis,  C.  typhina,  Chaerophyllum  procumbens,  Cicuta  maculata,  Elymus 
virginicus,  Galactia  mohlenbrockii  (listed  by  the  Illinois  Endangered  Species  Protection 
Board  as  an  endangered  species  (Herkert  1991)),  Geranium  carolinianum,  Helianthus 
tuberosus,  Solidago  gigantea,  and  Valeriana  radiata.  Some  colonies  extend  into  old  field 
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habitat.  Associate  species  include  Allium  vineale,  Andropogon  virginicus,  Danthonia 
spicata,  Daucus  carota,  Festuca  pratensis,  Kummerowia  striata,  Lespedeza  stuevei, 
Lonicera  japonica,  Parthenocissus  quinquefolia,  Rubus  allegheniensis,  Solidago 
canadensis,  S.  nemoralis,  and  Tridens  flavus. 

These  habitat  descriptions  suggest  that  Trepocarpus  aethusae  is  native  to  Illinois  and,  like 
many  annuals,  has  some  tolerance  for  disturbance.  The  autecology  of  this  taxon  may  be 
somewhat  similar  to  that  of  Boltonia  decurrens  (Asteraceae),  a  federal  and  Illinois-listed 
threatened  species  (Herkert  1991),  in  that  both  are  rare  taxa  that  appear  dependent  on 
flooding  dynamics  for  dispersal  to  open  habitats  where  they  can  sort  into  sites  free,  at 
least  temporarily,  from  intense  competition.  The  association  with  natural  communities 
in  Illinois  and  very  local  occurrence  indicate  that  Trepocarpus  aethusae  should  be 
considered  for  listing  as  an  endangered  species  by  the  Illinois  Endangered  Species 
Protection  Board.  Highway  construction  activities  may  result  in  destruction  of  portions 
of  most  Illinois  colonies.  Attempts  at  population  restoration  are  tentatively  planned  for 
any  colonies  of  Trepocarpus  aethusae  destroyed  at  this  site. 
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ABSTRACT 

Routine  observations  of  ground  frost  depth  were  made  by  members  of  the  Illinois 
Cemetery  Association  for  16  consecutive  winters  (1980-96).  Maps  of  average  and 
extreme  depths  are  presented.  Ground  frost  is  generally  found  in  northern  Illinois  by  late 
November,  continuing  until  mid-March  or  early  April.  In  southern  Illinois,  a  continuous 
frost  season  exists  in  all  but  the  southernmost  counties.  In  mild  winters,  ground  frost  is 
temporally  and  spatially  discontinuous  in  the  southern  quarter  of  the  state.  Depths  vary 
from  as  much  as  30  inches  (75  cm)  or  more  during  the  height  of  the  season  in  the 
northwest,  to  a  few  inches  in  the  south. 

Ground  frost  in  Illinois  varies  substantially  from  winter-to-winter.  The  greatest 
thicknesses  and  longest  tenure  were  observed  during  the  winter  of  1981-82  (the  ninth 
coldest  for  the  state  since  1895),  with  the  least  occurring  during  the  1991-92  winter 
(where  the  mean  December,  January  and  February  temperatures  were  among  the  21 
warmest  since  1895).  In  addition  to  winter  temperatures,  ground  frost  is  also  impacted  by 
the  persistence  and  depth  of  snow  on  the  ground,  soil  type  and  moisture  content. 

INTRODUCTION 

Ground  frost  depth  plays  a  major  role  in  the  magnitude  of  spring  surface  water  runoff 
versus  percolation  into  soil  and  therefore  flooding  potential,  the  mortality  of  insects  or 
larvae  buried  in  the  soil  over-winter,  the  length  of  the  dormant  season  in  soil  and 
specification  of  minimum  building  foundations,  among  others.  However,  frost  depth 
information  is  not  generally  available,  at  least  not  on  a  routine,  spatially  continuous 
basis.  Although  soil  temperature  data  can  assist  in  frost  depth  determination  (a  parameter 
measured  at  some  National  Weather  Service  sites),  routine  observations  of  soil 
temperatures,  too,  are  few  in  number. 

Relative  to  the  Upper  Midwest,  ground  frost  information  has  been  published  by  the 
National  Weather  Service,  showing  mean  and  extreme  (1899-1938)  ground  frost  depths  for 
the  eastern  two-thirds  of  the  U.S.  gathered  “from  unofficial  sources”  (Anon.,  1981).  Bi¬ 
weekly  annual  and  mean  frost  depths  (1961-1977)  are  available  for  Wisconsin  by  climate 
district  (Anon.,  1978),  and  maximum  depth  of  frozen  soil  for  Minnesota  from  1959  to 
1965  is  presented  by  Baker  &  Swan  (1966). 

In  order  to  improve  the  coverage  of  ground  frost  information,  the  Illinois  Cemetery 
Association  was  contacted  in  1980  to  determine  whether  members  located  at  cemeteries 
about  Illinois  would  be  willing  to  measure  and  report  frost  depth  at  routine  times  during 
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the  winter  season.  An  article  was  prepared  for  the  Association's  Newsletter,  to  which 
about  40  cemeteries  responded  favorably.  The  respondents  were  supplied  with 
instructions  as  to  how  to  properly  observe  and  postcards  on  which  to  record  the 
observations.  Each  observer  was  asked  to  record  frost  depth  determined  visually  at  a  fresh 
excavation  at  one  or  more  locations  every  two  weeks  during  the  frost  season.  In  addition, 
information  on  a  number  of  surface  conditions  in  the  area  of  measurement  was  requested, 
including  whether  the  site  was  (1)  moist  or  dry,  (2)  on  a  rise,  hollow,  or  a  slope,  (3)  bare 
ground,  (4)  short  or  long  grass-covered,  (5)  trees  overhead,  and  (6)  whether  the  soil  was  of 
fine  or  coarse  texture,  mainly  sand,  loam  or  clay.  Essentially  all  comments  which  follow 
are  based  on  measurements  made  under  sod. 

Observations  began  in  December  1980  and  continued  through  March  1996,  from  which 
this  summary  is  compiled.  Some  41  cemeteries  participated  in  the  study,  their  locations 
shown  in  Fig.  1.  The  number  of  reports  (and  reporting  sites)  varied  from  month-to- 
month,  and  from  year-to-year,  averaging  about  70  per  season,  varying  from  35  to  102. 
The  number  of  seasonal  observations  varied  inversely  with  the  mean  winter  temperatures, 
with  most  originating  from  the  northern  two-thirds  of  the  state  since  ground  frost  is  not 
always  present  in  southern  Illinois.  In  addition  to  varying  interest  with  time, 
observations  were  at  times  prohibited  by  the  lack  of  burials,  particularly  in  smaller 
towns.  In  some  cases,  temperatures  at  some  northern  sites  were  sufficiently  cold  and  frost 
sufficiently  thick  that  burials  were  delayed  until  such  time  that  grave  excavations  were 
possible,  also  precluding  observations. 

RESULTS 


Mean  ground  frost  conditions 

Mean  frost  depths  as  of  the  end  of  December,  January  and  February  are  shown  in  Fig.  2. 
In  the  mean,  at  the  end  of  December  frost  varies  from  about  six  inches  (15  cm)  in 
northwestern  Illinois  to  only  one  inch  (2-3  cm)  from  about  St.  Louis  northeastward  to 
about  Effingham  and  Vermilion  Counties.  The  influence  of  Lake  Michigan  can  be  seen 
in  the  moderated  frost  depths  of  northeastern  Illinois,  a  condition  noted  throughout  the 
season.  Mean  thicknesses  in  the  southeastern  third  of  the  state  at  this  time  of  the  year 
vary  from  less  than  one  inch  to  zero  in  the  far  south,  and  are  often  temporally  and 
spatially  discontinuous.  By  January's  end,  mean  frost  thickness  varies  from  some  14 
inches  (~35  cm)  in  northwestern  counties  to  about  six  inches  (~15  cm)  in  central  Illinois 
to  less  than  two  inches,  and  probably  discontinuous  frost  in  the  south.  By  the  end  of 
February,  mean  frost  thicknesses  have  declined  to  about  eight  inches  (20  cm)  in 
northwestern  Illinois,  less  than  four  inches  (10  cm)  in  the  southernmost  seven  climate 
districts,  and  essentially  none  in  the  south. 

Average  frost  depths  reported  for  southern  Wisconsin  at  the  end  of  December  and  January 
are  similar  to  those  reported  herein,  however  depths  reported  as  of  the  end  of  February  are 
somewhat  greater  than  reported  in  adjacent  Illinois  counties.  These  differences  are  likely 
due  to  the  fact  that  the  Wisconsin  data  (Anon.,  1978)  were  collected  from  15  winters 
beginning  20  years  earlier  than  the  sampling  period  in  Illinois,  and  because  the  Wisconsin 
data  represent  district  averages  (an  average  of  some  6,000  square  miles)  whereas  those  of 
Illinois  data  are  site-specific. 
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Worst  ground  frost  depth  conditions 

The  longest  ground  frost  season,  and  that  with  the  deepest  penetration  in  Illinois  during 
the  16  winters  of  record  occurred  in  1981-82.  Frost  was  continuous  over  the  northern  half 
of  the  state  by  early  November  1981  (not  shown),  and  persisted  over  the  same  area  until 
late  March.  The  frost  was  at  least  10  inches  (25  cm)  thick  by  the  end  of  December  over 
northern  and  western  counties.  By  the  end  of  January,  similar  thicknesses  were  common 
over  the  northern  two-thirds  of  the  state,  with  30  inches  (75  cm)  reported  in  north-central 
counties  (roughly,  Ottawa  and  north).  Ground  frost  greater  than  two  inches  (5  cm)  was 
reported  in  all  of  southern  Illinois  at  the  end  of  January  1982,  the  only  month  with  such 
extensive  coverage  during  the  period  of  record.  At  February's  end,  frost  of  at  least  10  inch 
(25  cm)  thicknesses  persisted  over  the  northeastern  third  of  the  state,  with  extreme 
northern  counties  still  supporting  30  inches  (75  cm).  As  with  the  average  depth  data, 
extreme  depths  for  southern  Wisconsin  districts  were  somewhat  greater  than  adjacent 
Illinois  counties,  likely  for  similar  reasons  given  above. 

Not  surprisingly,  Illinois  statewide  temperatures  for  December  through  February  1981-82 
were  the  9th  coldest  of  all  Illinois  winters  since  1895,  whereas  those  for  December  1981 
were  the  27th,  January  1982  were  the  9th,  and  February  1982  were  21st  coldest  for  the 
same  period,  respectively. 

Winter  with  shortest  ground  frost  conditions 

The  winter  with  the  shortest  ground  frost  season  and  that  with  the  shallowest  depths 
during  the  period  of  record  was  that  of  1991-92,  when  continuous  frost  first  developed  in 
northern  Illinois  during  the  last  week  of  November  1991,  and  only  reached  thicknesses  of 
eight  inches  or  so  (20  cm)  in  extreme  northwestern  counties  by  the  end  of  January  1992. 
Ground  frost  had  totally  dis^peared  by  the  end  of  February  (a  condition  only  observed 
during  one  other  winter  during  the  period  of  record,  February  1987.  Statewide  mean 
temperatures  at  the  end  of  December  1991,  January  and  February  1992  were  the  21st,  15th 
and  7th  warmest,  respectively  since  1895. 


Thickest  ground  frosts  reported  during  years  of  record 

Fig.  3  shows  the  deepest  ground  frost  reported  during  any  of  the  16  winters,  by  month. 
The  values  suggest  that  all  but  extreme  southern  Illinois  is  susceptible  to  ground  frost  by 
the  end  of  December,  with  maximum  thicknesses  of  15  inches  (38  cm)  or  more  in 
northern  counties.  By  the  end  of  January,  maximum  thicknesses  vary  from  32  inches  (80 
cm)  in  north-central  counties  to  less  than  five  inches  (13  cm)  in  the  far  south.  At 
February's  end,  essentially  all  the  state  is  still  susceptible  to  ground  frost,  with  extreme 
depths  of  30  inches  (75  cm)  in  the  north  to  some  five  inches  (13  cm)  in  the  far  south. 

To  put  the  shortest  and  thickest  ground  frost  seasons  in  some  perspective.  Table  1 
presents  a  summary  of  the  mean  and  extreme  times  of  occurrence  of  first  autumnal  and 
last  spring  frost  events.  Dates  are  presented  for  both  32F  (OC)  and  28F  (-2.2C)  because 
although  32F  represents  frost,  28F  is  often  used  to  represent  a  frost  of  sufficient  duration 
to  kill  vegetation  and  perhaps  initiate  ground  freezing. 

Maximum  frost  depths  during  any  month  of  the  16  winters  of  observation  vary  from 
about  32  inches  (80  cm)  in  the  north  to  some  5  inches  (13  cm)  in  southern  Illinois.  For 
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comparison  purposes,  extreme  frost  depths  reported  by  the  National  Weather  Service  from 
data  collected  from  1899-1938  varied  from  about  37  inches  (94  cm)  in  northwestern 
Illinois  to  about  15  inches  (38  cm)  in  southern  Illinois  (Anon.,  1981). 

The  earliest  onset  of  ground  frost  during  the  period  of  record  is  shown  on  Fig  4,  and 
varies  from  the  last  week  or  so  of  November  in  northwestern  counties  to  as  late  as  mid- 
December  in  the  far  south,  though  often  did  not  persist  through  the  winter.  The  latest 
vestiges  of  ground  frost  during  the  period  of  record  lingered  as  late  as  mid-March  in  the  far 
south,  and  the  first  week  of  April  in  the  north. 

Mean  temperature-frost  depth  relationship 

The  depth  of  ground  frost  at  any  given  time  is  a  function  of  air  temperature  during  some 
period  of  time  preceding  the  measurement,  the  temperature's  temporal  stability,  soil 
moisture,  soil  type,  vegetation  cover,  and  the  depth  and  persistence  of  snow  cover.  To 
investigate  this  relationship,  frost  depths  reported  at  a  west-suburban  Chicago  cemetery 
(one  of  the  most  complete  frost  records)  at  the  end  of  each  of  the  16  Februaries  were 
related  to  the  mean  December  through  February  temperatures  for  the  same  winter. 
Numbers  plotted  above  data  points  indicate  the  number  of  December-February  days  with 
at  least  four  inches  (10  cm)  snow  cover.  When  plotted  (Fig.  5),  a  relationship  between 
frost  depth  and  mean  temperature  is  not  readily  apparent,  likely  due  to  variations  in  soil 
type  and  moisture,  and  snow  and  vegetation  cover.  Dry,  bare  soil  with  little  snow  cover 
promotes  deeper  frost  than  wet,  sod-  and  deep  snow-covered  soil. 

The  extreme  depths  for  winter  mean  temperatures,  however,  appear  to  be  linearly  related, 
i.e.,  colder  mean  winter  temperatures  support  greater  frost  extremes,  although  lesser 
depths  can  also  prevail  due  to  reasons  stated  above.  The  following  relationships  describe 
the  relationship  between  mean  winter  temperature  and  extreme  frost  depth  as  of  the  end  of 
February: 

Extreme  frost  depth  (in)  =  -1.5  mean  Dec-Feb  temperature  (F)  +  50.0, 

Extreme  frost  depth  (cm)  =  -7.9  mean  Dec-Feb  temperature  (C)  +  1.6. 

From  Fig.  5,  it  appears  that  ground  frost  can  exist  when  mean  winter  temperatures  fall 
below  about  33F  (0.7C).  Shallower  than  these  extreme  frost  depths  for  any  given  mean 
winter  temperature  are  undoubtedly  due  to  variations  of  within-winter  temperatures  and 
soil  moisture. 

An  empirical  study  (Lowenherz  &  Wendland,  1988)  based  on  these  frost  observations 
from  1980-1985  found  that  frost  depth  at  any  given  time  responded  primarily  to  frost 
depth  two  to  four  weeks  preceding  the  time  of  observation,  and  freezing  degree  days 
accumulated  during  that  interval. 


CONCLUSIONS 

This  16-season  review  of  Illinois  ground  frost  reveals  that  ground  frost  is  essentially 
spatially  and  temporally  continuous  in  the  northern  two-thirds  of  the  state  from  mid-  to 
late-December  through  early  March.  Ground  frost  in  the  southern  half  of  the  state  can  be 
temporally  and  spatially  discontinuous. 
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Thicknesses  are  generally  greatest  in  northwestern  counties,  averaging  as  much  as  about 
14  inches  (35  cm)  in  mid- winter,  decreasing  by  a  few  inches  in  northeastern  counties,  and 
decreasing  further  to  four  to  six  inches  (10-15  cm)  in  central  Illinois.  On  average,  sites  in 
southern  Illinois  experience  only  a  few  inches,  and  the  frost  episodes  may  be  sporadic 
through  the  winter.  During  the  period  of  observation,  extreme  frost  depths  were  as  much 
as  30  inches  (75  cm)  in  north-central  Illinois  and  about  five  inches  (13  cm)  in  southern 
counties. 

Data  from  this  study  suggest  that  ground  frost  can  exist  at  the  end  of  February  whenever 
the  mean  winter  temperature  falls  below  about  33F  (0.7C). 
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Table  1.  Earliest,  10%,  90%  and  latest  dates  for  32F  and  28F  temperatures  in  fall  and 
spring  in  Illinois,  by  climate  district,  based  on  1961-1990  data,  the  period  for 
which  current  climate  “normals”  are  calculated. 


Climate 

District 

Dates  for  first  fall  32F 
frost  in  Illinois 

ERLST  90%  10%  LTST 

Dates  for  last  spring  32F 
frost  in  Illinois 

ERLST  90%  10%  LTST 

NW 

9/12 

9/26 

10/26 

11/14 

3/28 

4/11 

5/10 

5/28 

NE 

9/21 

10/02 

10/27 

11/30 

3/25 

4/14 

5/14 

6/12 

W 

9/03 

9/30 

11/01 

11/14 

3/23 

4/06 

5/05 

5/11 

C 

9/14 

9/30 

11/01 

11/09 

3/30 

40/9 

5/07 

5/29 

E 

9/21 

9/30 

10/27 

11/12 

3/31 

4/10 

5/10 

5/27 

SSW 

9/22 

10/03 

11/01 

11/20 

3/18 

4/03 

5/01 

5/20 

SSE 

9/01 

10/03 

11/02 

11/15 

3/21 

4/05 

5/08 

5/28 

SW 

9/22 

10/02 

11/0 

11/19 

3/21 

3/29 

4/30 

5/10 

SE 

9/22 

10/06 

11/05 

11/20 

3/21 

3/21 

4/40 

5/28 

Climate 

District 

Dates  for  first  fall  28F 
frost  in  Illinois 

ERLST  90%  10%  LTST 

Dates  for  last  spring 
frost  in  Illinois 
ERLST  90%  10% 

28F 

LTST 

NW 

9/23 

10/06 

11/07 

11/20 

3/21 

4/03 

4/30 

5/10 

NE 

9/22 

10/13 

11/13 

12/02 

3/15 

4/10 

5/01 

5/22 

W 

9/30 

10/11 

11/12 

11/28 

3/14 

3/28 

4/23 

5/10 

C 

9/22 

10/06 

11/13 

11/25 

3/05 

3/28 

4/24 

5/29 

E 

9/23 

10/09 

11/12 

12/02 

3/18 

3/29 

4/29 

5/10 

WSW 

9/23 

10/12 

11/14 

12/15 

2/25 

3/21 

4/18 

5/10 

ESE 

10/02 

10/12 

11/14 

11/28 

3/07 

3/22 

4/17 

5/10 

SW 

10/01 

10/14 

11/20 

12/05 

3/06 

3/16 

4/14 

5/05 

SE 

10/03 

10/14 

11/18 

12/05 

2/28 

3/16 

4/15 

5/27 

ERLST  and  LTST  refer  to  earliest  and  latest  reported  frost  dates-ever,  90%  and  10%  refer 
to  percent  of  frost  dates  occurring  after-given  date. 
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Figure  1.  Illinois  climate  districts, 
dots. 


Locations  of  participating  cemeteries  indicated  by 


Figure  2.  Mean  frost  depth  (1980-96)  at  end  of  December,  January  and  February  (inches). 
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Figure  3.  Deepest  frost  reported  (1980-96)  at  end  of  December,  January  and  February  (inches  on  left,  centimeters  on  right). 
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Figure  4.  Earliest  and  latest  reported  dates  of  ground  frost  from  1980-1996. 
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Earliest  onset  of  ground  frost  Latest  reported  ground  frost 

(1980-1996)  (1980-1996) 
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Figure  5.  Frost  depth  as  of  end  of  February  as  a  function  of  mean  winter  temperature. 

Numbers  above  data  points  represent  the  number  of  December-February  days 
with  at  least  four  inches  (10  cm)  snow  cover. 
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ABSTRACT 

By  sweep  netting  habitat  and  observing  birds,  we  determined  insect  availability  and  use  as 
food  by  7  species  of  grassland  birds:  Henslow’s  sparrow  {Ammodramus  henslowii), 
dickcissels  (Spiza  americana),  bobolinks  (Dolichonyx  oryzivorus),  grasshopper  sparrows 
(A.  savannarum),  savannah  sparrows  (Passerculus  sandwichensis),  red-winged  blackbirds 
{Agelaius  phoeniceus),  and  eastern  meadowlarks  {Stumella  magna).  Of  9  orders  of 
insects  sampled,  Orthoptera,  Coleoptera,  and  Lepidoptera  were  fed  most  to  nestlings.  Bird 
species  varied  in  choice  of  insects.  In  general,  all  bird  species  selected  prey  items  that 
were  large  (>10  mm)  and  relatively  easy  to  catch.  We  observed  concentrations  of  insects 
mainly  around  clumps  of  forbs  where  most  flowers  occurred. 

INTRODUCTION 

Over  8.1  million  ha  of  tallgrass  prairie  once  covered  60  %  of  Illinois.  By  1970,  <1%  of 
that  remained  in  scattered  parcels  throughout  the  state  (Anderson  1970).  The  meadows 
and  hayfields  that  replaced  the  native  prairie  declined  substantially  in  area  due  to 
intensification  of  row  crop  farming,  mainly  corn  and  soybeans,  since  the  late  1950’s. 

Opportunities  to  observe  birds  in  native  grasslands  are  scarce  (Johnsgard  and  Rickard 
1957),  especially  in  Illinois  where  the  associations  of  native  tallgrass  prairie  used  by 
grassland  birds  were  not  studied  before  the  prairies  were  plowed  (Birkenholz  1973).  As  a 
result,  the  descriptions  of  habitats  used  by  grassland  birds  in  Illinois  (e.g.,  Graber  and 
Graber  1963)  and  many  other  states  have  been  limited  mostly  to  pastures  and  hayfields,  as 
these  usually  are  the  only  remaining  extensive  grassland  habitats. 

The  objective  of  this  study  was  to  determine  food  habits  of  7  bird  species  relative  to  food 
abundance  within  grassland  habitat  types.  Food  habits  of  this  group  of  grassland  birds 
have  not  been  determined  previously  in  Illinois,  especially  relative  to  food  abundance. 
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STUDY  AREA 

The  study  was  conducted  in  the  Forest  Preserve  District  of  DuPage  County,  IL.  Located 
in  northeastern  Illinois  about  32  km  west  of  Chicago,  and  within  the  Northeastern 
Morainal  Division  (Mapes  1979,  Neely  and  Heister  1987),  DuPage  County  is  a  heavily 
urbanized  county  of  847  km^.  Since  1960,  >24,282  ha— 28%  of  the  county’s  area-have 
been  converted  from  agricultural  use.  Presettlement  vegetation  in  the  county  was  75% 
tallgrass  prairie  and  wetland  and  25%  small  savannas  and  groves  timbered  by  widely 
scattered  oaks  (Quercus  spp.)and  hickories  {Carya  spp.)  (Lampa  1985). 

Currently,  the  District  has  about  8094  ha  of  open  space  within  its  system.  Non-native 
grasslands  comprise  3035  ha  (42%)  created  by  seeding  former  croplands  to  perennial 
grasses.  The  District  acquired  >2833  ha  of  agricultural  lands  since  the  mid-1960’s.  These 
lands  were  planted  mainly  to  meadow  fescue  {Festuca  elatior)  and  ladino  clover  {Trifolium 
repens)  before  1979.  From  1980  until  the  present,  former  agricultural  lands  were  planted 
with  a  seed  mixture  of  timothy  (Phleum  pratense),  perennial  rye  (Lolium  perenne),  and 
ladino  clover.  The  conversion  cover  type  was  changed  because  timothy,  rye,  and  clover  are 
less  resistant  than  fescue  to  successional  change. 

Four  grassland  types  were  selected  for  this  study  on  the  basis  of  plant  species 
composition  and  percent  coverage  by  the  dominant  grass  and  forb  species:  a  60.7-ha 
fescue  field  in  Springbrook  Forest  Preserve,  a  40.5-ha  field  in  Green  Valley  Forest 
Preserve,  a  5.2-ha  fescue-dominated  grass/forb  field  in  Herrick  Lake  Forest  Preserve,  and  a 
44.5-ha  timothy-dominated  field  in  Danada  Forest  Preserve. 

Fescue  Fields 

Fescue  fields  consisted  mainly  of  meadow  fescue  (80-95%  coverage)  (Kobal  1990). 
Other  grasses  such  as  Kentucky  bluegrass  (Poa  pratensis),  orchard  grass  (Dactylis 
glomerata),  quackgrass  {Agropyron  repens),  smooth  brome  {Bromus  inermis),  reed  canary 
grass  (Phalaris  arundinaceae),  and  timothy  were  present  in  small  percentages  (<  5%). 

Common  species  of  forbs  included  red  clover  {Trifolium  pratense).  Queen- Anne’s  lace 
{Daucus  carota),  common  milkweed  {Asclepias  syrica),  thistles  {Cirsium  spp.),  yellow 
sweet-clover  {Melilotus  officinalis),  goldenrods  {Solidago  spp.),  common  sow  thistle 
{Sonchus  oleraceus),  wild  lettuces  {Lactuca  spp.),  field  bindweed  {Convolvulus  arvensis), 
hedge  bindweed  (C.  sepium),  and  dandelion  {Taraxacum  officinale). 

Mixed  Grass  Fields 

Mixed  grass  fields  contained  varying  mixtures  of  fescue,  timothy,  Kentucky  bluegrass, 
reed  canary  grass,  smooth  brome,  orchard  grass,  red  top  {Agrostis  alba),  and  quackgrass 
(80-95%  coverage)  (Kobal  1990).  Fescue  and  Kentucky  bluegrass  were  the  2  main  grass 
species  in  these  mixtures.  Remaining  grass  species  were  present  in  larger  percentages  (5- 
20%)  than  in  the  fescue  habitat  type. 

Common  forbs  included  Queen- Anne’s  lace,  wild  lettuces,  common  sow  thistle,  daisy 
fleabane  {Erigeron  annus),  field  bindweed,  hedge  bindweed,  dandelion,  red  clover,  white 
clover  {Trifolium  repens),  yellow  hop-clover  {T.  agrarium),  alsike  clover  {T.  hybridium). 
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and  lamb’s  quarters  (Chenopodium  alba).  Thistles,  milkweeds,  goldenrods,  yellow  sweet- 
clover,  and  white  sweet-clover  (M.  alba)  also  occurred. 

Grass/Forb  Fields 

Grass/forb  fields  contained  mixtures  of  fescue,  timothy,  Kentucky  bluegrass,  reed  canary 
grass,  smooth  brome,  orchard  grass,  and  quackgrass  (Kobal  1990).  The  field  dominated  by 
timothy  was  characterized  by  dense  coverage  of  forbs  and  other  vegetation  relative  to  the 
field  dominated  by  fescue. 

Forbs  such  as  thistles,  milkweeds,  goldenrods,  sweet-clovers,  red  clover,  white  clover, 
alsike  clover,  common  sow  thistle,  field  bindweed,  hedge  bindweed,  daisy  fleabane. 
Queen- Anne’ s-lace,  dandelion,  wild  lettuces,  and  common  ragweed  {Ambrosia 
artemisifolia)  covered  25-40%  of  grass/forbs  fields.  A  few  trees  and  shrubs  such  as 
willow  {Salix  spp.),  eastern  cottonwood  {Populus  deltoides),  and  multiflora  rose  {Rosa 
multiflora)  usually  were  present,  mainly  in  wet  depressions  and  along  fencerows.  These 
woody  species  comprised  <10%  of  the  area  of  each  field. 

METHODS 

We  determined  food  items  brought  to  nestlings  by  monitoring  nest  sites  13-22  July  1987 
between  0530  and  1200  hours  with  a  15-45X  spotting  scope.  We  observed  each  bird  20 
min  from  >20  m  to  reduce  observer-related  disturbances,  and  recorded  all  insect  food  items 
presented  to  nestlings.  We  observed  4  Henslow’s  sparrows,  6  dickcissels,  7  bobolinks, 
10  grasshopper  sparrows,  16  savannah  sparrows,  18  red- winged  blackbirds,  and  22  eastern 
meadowlarks. 

We  determined  composition  and  abundance  of  insects  within  habitat  types  by  sweep 
netting  (Menhinick  1963)  within  fields  representative  of  each  of  3  habitat  types  on  23  and 
24  July  1987.  Five  sampling  locations  were  selected  along  each  of  4  bird  census  transect 
routes.  The  different  physiognomy  of  timothy  and  fescue  might  affect  insect  species 
composition  and  abundance.  Sweep  transects  were  located  at  right  angles  to  bird  census 
transects.  Ten  steps  were  taken  along  each  20-m  sweep  line.  The  vegetation  was  swept 
in  front  of  each  step,  and  a  2nd  sweep  was  made  after  each  step.  The  1  st  sweep  was  made 
from  right  to  left  50  cm  ahead  of  the  collector.  A  2nd  sweep  was  made  from  left  to  right 
about  30-35  cm  ahead  of  the  1st  sweep. 

The  vegetation  was  swept  vigorously  by  keeping  a  standard  38-cm  net  as  close  to  the 
ground  as  possible  (Menhinick  1963).  To  sample  insects  from  the  entire  strata,  sweeps 
were  made  from  top  of  vegetation  to  soil  surface.  Each  sweep  covered  a  horizontal 
distance  of  100-115  cm.  This  procedure  continued  for  10  steps  and  20  sweeps  (pers. 
comm.  R.C.  Anderson,  Univ.  Illinois).  We  placed  insects  from  each  sweep  line  in  70% 
ethanol  for  later  identification.  Chi-square  (P  =  0.05)  was  used  to  compare  insects 
observed  being  used  to  those  available. 
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RESULTS 

The  3  most  common  orders  (P<0.05)  fed  to  nestlings,  in  decreasing  order  of  abundance, 
were  Orthoptera,  Coleoptera,  and  Lepidoptera  (Table  1).  All  7  bird  species  fed  their 
nestlings  greater  proportions  (P<0.05)  of  Lepidoptera  and  Orthoptera  than  available  in 
fields.  Grasshopper  sparrows  and  savannah  sparrows  fed  nestlings  greater  proportions 
(P<0.05)  of  Coleoptera  than  available.  Savannah  sparrows  and  eastern  meadowlarks  used 
Homoptera  in  lower  proportions  than  available  (P<0.05).  Savannah  sparrows  used 
Diptera  in  lower  proportions  than  available  (P<0.05)  (Table  1).  In  general,  all  birds 
species  selected  prey  items  that  were  large  (>10  mm)  and  relatively  easy  to  catch. 

Homoptera  (leafhoppers)  and  Diptera  (flies)  represented  69%  of  insects  captured  in  sweep 
nets  in  fescue  habitat  and  59%  in  mixed  grasses.  Diptera  and  Coleoptera  comprised  58% 
of  the  sample  in  fescue-dominated  grass/forb  fields  and  48%  in  timothy-dominated  fields 
(Table  1). 

Orthoptera,  Coleoptera,  and  Lepidoptera  represented  70-90%  of  insects  fed  to  nestlings, 
but  only  27%  of  insects  captured  by  sweep  net  in  all  3  habitat  types.  Grass/forb  fields 
had  33%  of  these  orders*  in  fescue-dominated  fields  and  41%  in  timothy-dominated  fields. 
Homopterans  represented  >30%  of  insects  captured  in  fescue  and  mixed  grasses  habitat 
types.  Homopterans  in  grass/forb  fields  comprised  only  10%  of  the  total  number  of 
insects  captured.  All  fields  sampled  contained  the  same  relative  number  (8-9)  of  insect 
orders  captured.  We  observed  concentrations  of  insects  mainly  around  clumps  of  forbs, 
where  flowers  occurred. 


DISCUSSION 

All  insects  found  in  sweep  samples  were  of  orders  common  to  agricultural  land  oldfield 
habitats  in  Illinois  (Wright  1955).  Birds  did  not  select  insects  in  proportion  to 
availability. 

Abundance  of  various  prey  types  influences  prey  selection  by  foraging  adults  (Maher 
1979).  Although  insect  availability  determined  through  sweep  samples  is  a  valuable 
index  of  quantity  of  food  available  to  grassland  songbirds,  it  does  not  include  larvae. 
Nearly  absent  in  sweep  samples,  Lepidoptera  larvae  and  Orthoptera  adults  made  up  most 
of  the  nestlings’  diet.  Difficulty  usually  exists  in  matching  field  samples  with  diet  no 
matter  how  intensive  and  careful  field  sampling  might  be  (Meunier  and  Bedard  1984). 

Grassland  birds  in  DuPage  Co.  seem  to  select  insects  that  are  large  (>10  mm),  relatively 
easy  to  catch,  and  common  in  oldfield  habitats  in  Illinois.  Kaspari  and  Joem  (1993)  found 
that  small  prey  were  avoided,  intermediate-sized  prey  were  preferred,  and  preferences  for 
larger  prey  increased  with  size  of  grassland  birds  in  Nebraska.  Henslow’s  sparrows  fed 
Lepidoptera  to  nestlings  44%  of  the  time  (Robins  1971).  Grasshopper  sparrows  used 
Orthoptera  37%  of  the  time  during  May -August  (Smith  1968).  Dickcissels  consumed 
Orthopterans  41%  of  the  time  (Judd  1901).  Eastern  meadowlarks  consumed  26% 
Orthoptera  and  25%  Coleoptera  (Bent  1958).  Bobolinks  fed  nestlings  44%  Lepidoptera 
and  14%  Orthoptera  (Wittenberger  1980).  Red- winged  blackbirds  fed  nestlings  mainly 
Odonataand  Lepidoptera  (Robertson  1973).  Similar  nestling  diets  for  these  species  were 
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observed  in  our  study.  Prey  selection  in  grassland  birds  seems  to  be  a  complex  function 
of  prey  size,  energy,  nutrients  (Kaspari  and  Joern  1993),  and  availability. 

Supply  of  food  items  present  during  brood  rearing  period  seemed  abundant.  Evans  (1964) 
concluded  that  food  was  superabundant  in  an  oldfield  in  Michigan  in  which  field  sparrows, 
chipping  sparrows  (Spizella  passerina),  and  vesper  sparrows  (Pooecetes  gramineus)  nested. 

More  detailed  evaluation  of  insect  availability  and  nestling  diets  is  needed  at  different 
stages  of  nestling  development  during  the  breeding  season.  Diet  composition  changes 
with  age  of  nestlings  (Welsh  1975),  and  insect  availability  fluctuates  during  summer. 
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ABSTRACT 

The  use  of  perches  in  grasslands  was  determined  for  7  species  of  grassland  birds  by 
walking  transects  and  observing  objects  used  as  perches.  Birds  used  24  plant  species  or 
groups,  8  man-made  objects,  and  the  ground.  Grasshopper  sparrows  (Ammodramus 
savannarum),  and  Henslow’s  sparrows  (A.  henslowii)  used  forbs  exclusively.  Dickcissels 
(Spiza  americana),  savannah  sparrows  (Passerculus  sandwichensis),  bobolinks 
(Dolichonyx  oryzivorus),  and  red-winged  blackbirds  (Agelaius  phoeniceus)  used  shrubs 
most  often.  Generally,  singing  heights  were  <  1  m  for  grasshopper  sparrows  and 
Henslow’s  sparrows,  1-1.5  m  for  bobolinks,  savannah  sparrows,  and  dickcissels,  1.5-2  m 
for  red- winged  blackbirds,  and  >2  m  for  eastern  meadowlarks  {Stumella  magna).  Grassland 
songbirds  seem  to  choose  perches  mainly  for  their  height  above  the  vegetation,  rather 
than  for  a  specific  plant  species  or  object,  although  birds  usually  chose  a  lower  location 
on  the  perch  from  which  to  sing. 


INTRODUCTION 

Over  8.1  million  ha  of  tallgrass  prairie  once  covered  60%  of  Illinois.  Since  1970,  <1% 
of  that  remains  in  scattered  parcels  throughout  the  state  (Anderson  1970).  The  meadows 
and  hayfields  that  replaced  the  native  prairie  declined  substantially  in  area  due  to 
intensified  row  crop  farming,  mainly  corn  and  soybeans,  since  the  late  1950’s. 

Opportunities  to  observe  birds  in  native  grasslands  are  scarce  (Johnsgard  and  Rickard 
1957),  especially  in  Illinois  where  the  associations  of  native  tallgrass  prairie  used  by 
grassland  birds  were  not  studied  before  the  prairies  were  plowed  (Birkenholz  1973).  As  a 
result,  the  descriptions  of  habitats  used  by  grassland  birds  in  Illinois  (e.g.,  Graber  and 
Graber  1963)  and  elsewhere  have  been  limited  mostly  to  pastures  and  hayfields,  as  these 
usually  are  the  only  remaining  extensive  grassland  habitats.  Within  these  remaining 
grasslands,  perches  might  influence  breeding  success  of  grassland  birds  by  being  essential 
for  singing  by  territorial  males  and  observation  for  capturing  insect  prey  for  nestlings. 

The  objective  of  this  study  was  to  determine  perch  use  by  7  species  of  grassland  birds  in 
northern  Illinois. 
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STUDY  AREA 

The  study  was  conducted  in  21  fields  of  the  Forest  Preserve  District  of  DuPage  County, 
IL.  Located  in  northeastern  Illinois  about  32  km  west  of  Chicago,  and  within  the 
Northeastern  Morainal  Division  (Mapes  1979,  Neely  and  Heister  1987),  DuPage  County 
is  a  heavily  urbanized  county  of  847  km^.  Presettlement  vegetation  in  the  county  was 
75%  tallgrass  prairie  and  wetland  and  25%  small  savannas  and  groves  timbered  by  widely 
scattered  oaks  (Quercus  spp.)  and  hickories  {Carya  spp.)  (Lampa  1985). 

Currently,  the  District  has  about  8094  ha  of  open  space  within  its  system.  Non-native 
grasslands  comprise  3035  ha  (42%)  created  by  seeding  former  croplands  to  perennial 
grasses.  The  District  acquired  >2833  ha  of  agricultural  lands  since  the  mid- 1960’ s.  These 
lands  were  planted  mainly  to  meadow  fescue  {Festuca  elatior)  and  white  clover  {Trifolium 
repens)  before  1979.  From  1980  until  the  present,  former  agricultural  lands  were  planted 
with  a  seed  mixture  of  timothy  {Phleum  pratense),  perennial  rye  {Lolium  perenne),  and 
white  clover.  Fields  were  mainly  of  fescue,  mixed  grasses,  or  grass/forb  (high 
composition  of  forbs). 


METHODS 

Three  times  during  21  May- 10  June  1987,  we  recorded  bird  species,  sex,  and  plant  species 
or  object  used  as  perches  by  individual  birds  <60  m  on  each  side  of  a  transect  located  in 
the  middle  of  8  fescue  fields  (8.9-87.1  ha),  5  mixed  grass  fields  (8.9-40.5  ha),  and  8 
grass/forb  fields  (8.9-97.1  ha)  (Emlen  1971,  1977,  Mikol  1980).  During  bird-centered 
vegetation  sampling  (Larson  and  Bock  1986,  Kobal  1990)  conducted  0530-1200  hours,  15 
June- 10  July  1987,  we  also  recorded  bird  species,  sex,  plant  species  or  object  used  as 
perch,  height  of  perch,  and  height  above  ground  of  singing  male  on  the  perch. 

RESULTS 

Early  in  the  breeding  season  (May),  most  bird  species  used  dried  forb  stalks  and  shrubs  as 
perches.  Birds  used  new  forb  growth  as  it  became  available  later  in  the  breeding  season 
(June-July).  Five  bird  species  in  3  habitat  types  used  24  plant  species  or  groups,  8  man¬ 
made  objects,  and  the  ground  (Table  1). 

Shrubs  were  used  21%  of  the  time,  and  the  ground  13%  of  the  time  by  7  bird  species  in 
the  3  habitat  types.  We  observed  all  bird  species  using  the  ground  except  grasshopper 
sparrows.  Eastern  meadowlarks  used  ground  perches  more  (39%)  than  other  bird  species 
(P<0.05,  t-test)  (Table  1).  The  red- winged  blackbird,  bobolink,  savannah  sparrow,  and 
dickcissel  used  shrubs  most  often.  Grasshopper  sparrows  and  Henslow’s  sparrows  used 
forbs  exclusively. 

Bobolinks  used  new  growth  of  goldenrod  clumps  as  they  became  available.  Of  the  birds 
observed  on  the  ground  earlier  in  the  year,  60%  were  females.  Females  became  more 
secretive  as  brood  rearing  began.  Males  singing  from  elevated  perches  were  the  only 
individuals  sampled. 
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Perch  heights  for  139  individual  birds  ranged  from  219  cm  for  eastern  meadowlarks  to  108 
cm  for  grasshopper  sparrows.  Singing  heights  ranged  from  203  cm  for  eastern 
meadowlarks  to  90  cm  for  Henslow’s  sparrows  (Table  2).  Generally,  singing  heights 
were  <1  m  for  grasshopper  sparrows  and  Henslow’s  sparrows;  1-1.5  m  for  bobolinks, 
savannah  sparrows,  and  dickcissels;  1.5-2  m  for  red-winged  blackbirds;  and  >2  m  for 
eastern  meadowlarks. 


DISCUSSION 

Grassland  songbirds  seemed  to  choose  perches  mainly  for  their  height  above  the 
vegetation,  rather  than  for  a  specific  plant  species  or  object.  Any  natural  or  human-made 
object  that  projected  above  the  vegetaton  was  suitable.  Harrison  (1977)  concluded  that 
grassland-associated  birds  use  any  elevated  perch  structure  <  2  m  tall.  We  found  that 
selection  of  perches  varied  by  bird  species.  So  did  the  height  at  which  they  sang  relative 
to  the  height  of  the  perch,  i.e.,  birds  usually  did  not  sing  from  the  top  of  the  perch. 

Eastern  meadowlarks  and  savannah  sparrows  sang  from  the  ground  and  bobolinks  often 
sang  in  flight,  but  presence  of  perches  seems  essential  to  grassland  birds  as  singing  and 
observation  posts.  Perch  sites  might  be  important  as  singing  posts  for  open  country 
passerines  without  aerial  flight  songs  (Cody  1985).  Robins  (1971)  noted  that  the 
presence  of  perches  affected  habitat  quality  for  Henslow’s  sparrows.  Schroeder  and  Sousa 
(1982)  stated  that  ideal  habitat  for  eastern  meadowlarks  contains  4  perches/1.2  ha. 

Harrison  (1977)  found  that  eastern  meadowlarks  exemplified  the  generalization  that  taller 
perches  will  be  used  instead  of  shorter  ones.  Grasshopper  sparrows  normally  will  select 
the  highest  perch  available  (Smith  1963,  1968;  Weins  1973),  although  Harrison  (1977) 
found  that  they  used  lower  perches  88%  of  the  time.  Henslow’s  sparrows  usually  sing 
just  below  the  general  vegetative  cover  (Robins  1971).  Weins  (1969)  in  Wisconsin 
noted  that  some  bird  species  use  only  specific  perches,  and  that  aggressive  encounters 
occurred  around  song-perches.  Nonetheless,  Knodel-Muntz  (1981)  and  Vickery  and  Hunter 
(1995)  found  that  song-perches  alone  do  not  limit  grassland  birds  that  sang  exclusively 
from  them  or  also  sang  in  flight.  Our  study  suggests  that  grassland  birds  are  not  selective 
about  what  they  use  for  perches.  But  the  presence  of  available  perches  and  their  height 
above  the  vegetation  appears  important  for  singing  and  observation  posts  when  combined 
with  other  habitat  factors,  e.g.,  grassland  type  and  size. 
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Table  2.  Song  perch  use  (percentage),  perching  height,  and  singing  height^  for  7  grassland  bird  species*’  in  northern  Illinois,  June-July  1987. 
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Appendix  1.  Scientific  names  of  plant  species  used  as  perches  by  grassland  birds  in 


northern  Illinois,  May-June  1987. 


Common  name 

Scientific  name 

Common  name 

Scientific  name 

Grasses 

Meadow  fescue 

Festuca  elatior 

Broad-leaved  cattail 

Typha  latifolia 

Orchard  grass 

Dactylis  glome  rata 

Queen- Anne’  s-lace 

Daucus  carota 

Smooth  brome 

Bromus  inermis 

Common  mullein 

Verbascum  thapsus 

Reed  canary  grass 

Phalaris  arundinacea 

Common  milkweed 

Asclepia  syrica 

Timothy 

Phleum  pratense 

Aster 

Aster  spp. 

Thistle 

Cirsium  spp. 

Sunflower 

Helianthus  spp. 

Forbs 

Yellow  sweet-clover 

Melilotus  officinalis 

Common  ragweed 

Ambrosia  artemisiifolia 

Field  bindweed 

Convolvulus  arvensis 

Hedge  birdweed 

C.  sepium 

Common  sow  thistle 

Sonchus  oleroceus 

Dogbane 

Apocynum  medium 

Curled  dock 

Rumex  crispus 

Wild  lettuce 

Lactuca  canadensis 

Evening  primrose 

Oenothera  biennis 

Goldenrods 

Solidago  spp. 
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ABSTRACT 

Ants  were  inventoried  in  a  reconstructed  tallgrass  prairie  plot  located  on  the  campus  of 
College  of  DuPage,  Illinois.  The  objective  was  to  investigate  whether  ants  found  in 
natural  tallgrass  prairie  have  been  able  to  colonize  the  plot.  Sampling  involved  pitfall 
trapping,  surface  digging,  and  hand  collection  during  the  summer  months.  Eleven  species 
were  recorded,  of  which  nine  have  been  found  in  tallgrass  prairie  elsewhere,  including  four 
from  prairie  in  northeastern  Illinois  over  50  years  ago.  The  remaining  two  have  been 
found  in  open  fields.  All  are  known  from  Illinois  and  have  a  widespread  distribution. 
Ants  found  in  natural  tallgrass  prairie  have  probably  been  able  to  colonize  the 
reconstructed  plot  because  of  their  environmental  tolerance  to  anthropogenic  disturbance. 

INTRODUCTION 

Prior  to  1820,  Illinois  was  covered  by  an  estimated  8,900,000  ha  of  tallgrass  prairie 
(Samson  and  Knopf  1994).  The  invention  by  John  Deere  of  the  self-scouring,  steel- 
bladed  plow,  plus  land  incentives  from  the  federal  government  and  the  Illinois  Central 
Railroad,  led  to  rapid  conversion  of  the  prairie  to  agricultural  land  (Burt  1969,  IDENR 
1994).  Urbanization  and  fire  suppression  further  reduced  prairie  habitats.  Today,  about 
930  ha  remain  (IDENR  1994).  Only  3.5  ha  of  higher  quality  tallgrass  prairie  of  the 
estimated  74,800  ha  present  in  1820  remain  in  urbanized  DuPage  County  where  the 
current  study  was  located  (IDENR  1994).  This  northeastern  Illinois  county  covers  an  area 
of  97,400  ha. 

In  our  study,  ants  (Formicidae)  colonizing  a  reconstructed,  tallgrass  prairie  plot  on  the 
campus  of  College  of  DuPage  were  surveyed.  The  objective  was  to  investigate  whether 
ants  found  in  natural  tallgrass  prairie  were  able  to  colonize  the  plot.  Ants  are  important 
to  tallgrass  prairie  dynamics  due  to  their  contributions  to  soil  mixing,  soil  aeration,  and 
seed  transport  (Baxter  and  Hole  1967,  Holldobler  and  Wilson  1989).  Over  120  ant  species 
have  been  recorded  from  Illinois  (DuBois  and  LaBerge  1988)  of  which  11  were  found  in 
prairie  that  persisted  in  the  northeastern  sector  during  the  first  half  of  the  century  (Table 
l)(Talbot  1934,  Gregg  1944). 
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STUDY  SITE 

College  of  DuPage  is  located  within  the  heart  of  residential  DuPage  County,  which 
contributes  to  the  metropolitan  area  of  Chicago.  Reconstruction  of  the  tallgrass  prairie 
began  as  an  academic  exercise  by  Russell  Kirt  and  his  students  in  1975.  Prior  to 
acquisition  by  the  college  in  1965,  the  land  was  farmed.  Clay  excavated  during  campus 
construction  provides  the  foundation  to  the  reconstructed  plot  that  covers  4  ha  today. 

The  reconstructed  tallgrass  plot  contains  some  150  species,  which  have  been  established 
after  seed  broadcasting  and  seedling  transplant.  The  flora  is  characteristic  of  the  mesic 
prairie  which  once  dominated  the  area  (Swink  and  Wilhelm  1994).  Big  bluestem 
(Andropogon  gemrdii  Vitman),  Indian  grass  (Sorghastrum  nutans  (L.)  Nash)  and  prairie 
dropseed  (Sporobolus  heterolepsis  Gray)  are  the  dominant  grasses.  A  comprehensive 
listing  of  plants  found  within  the  reconstructed  plot  is  provided  by  Kirt  (1989).  The  plot 
is  burned  each  spring. 

METHODS 

Ants  were  collected  from  April  to  October,  1995  using  pitfall  traps  (plastic  specimen  jars 
5  cm  diameter  partly  filled  with  ethylene  glycol  as  a  preservative),  surface  digging,  and 
hand  collection.  Twice  per  month,  five  pitfall  traps  were  evenly  spaced  along  each  of  six 
randomly  selected  transects  for  a  24-hour  period.  Surface  digging  and  hand  collection  were 
done  every  5  days  along  12  randomly  selected  transects.  Surface  digging  involved  turning 
over  the  top  7  to  10  cm  of  soil  to  locate  subterranean  nests.  The  taxonomic  keys  of 
Creighton  (1950),  Francoeur  (1973),  Gregg  (1944),  Ross  et  al  (1971),  and  Talbot  (1934) 
were  used  to  identify  ants.  Gregg  (1944)  and  Talbot  (1934)  also  provided  information  on 
ants  recorded  from  northeastern  Illinois  during  the  first  half  of  the  century. 

During  October,  1995,  soil  pH,  organic  content,  and  soil  texture  were  measured  by  taking 
3  cores  of  20  cm  depth  and  2  cm  width  every  4  m  distance  along  each  of  6  randomly 
placed  transects.  Soil  pH  was  measured  using  a  LaMotte  chemical  kit  (LaMotte  Products 
Chemical  Co.,  Chestertown,  MD).  Organic  content  was  determined  as  the  fraction  of  dry 
mass  lost  after  burning  at  600°C  for  6  hours  in  a  muffle  furnace.  Soil  texture  was 
evaluated  using  the  Keck  SS-94  Sand  Shaker  (Keck  Instruments,  Inc.,  Williamston,  MI). 

RESULTS 

Eleven  species  of  ants  were  identified  from  the  plot  (Table  2).  Voucher  specimens  have 
been  retained  at  College  of  DuPage.  Most  species  were  rarely  observed  and  may  have 
remained  undetected  from  sites  if  only  a  single  sampling  method  was  employed.  Nests, 
as  evidenced  by  larvae,  were  found  for  all  species  except  Myrmica  lobicomis  and  Ponera 
pennsylvanica.  Thus,  it  was  unknown  if  these  two  species  nest  in  the  prairie  or  strayed 
in  from  the  surrounding  landscape.  Lasius  alienus  was  the  most  widely  distributed  ant, 
being  found  at  all  sites.  The  species  also  nested  opportunistically  in  soil,  and  under 
logs,  plywood,  stones,  and  paper  bags.  A  similar  opportunistic  behavior  was  shown  by 
Acanthomyops  claviger.  Soil  pH  was  6.8  ±  0.2,  fraction  organic  content  was  0.10  ± 
0.02,  and  particle  size  composition  was  0.07  ±  0.02  fraction  by  weight  of  particle  sizes 
greater  than  0.5mm  (All  x  ±  s;  n  =  18). 
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DISCUSSION 

Nine  of  the  ant  species  found  in  the  reconstructed  prairie  plot  have  been  found  in  prairie 
elsewhere,  including  four  recorded  from  prairie  in  northeastern  Illinois  over  fifty  years  ago 
(Table  2).  The  remaining  two,  Camponotus  pennsylvanicus  and  M.  lobicornis,  have 
been  found  in  open  fields  of  Illinois  (DuBois  and  LaBerge  1988,  Talbot  1934).  A. 
claviger  was  the  only  species  not  recorded  from  the  local  area  by  Gregg  (1944)  and  Talbot 
(1934),  although  it  was  abundant  in  adjacent  Wisconsin  in  1919  (Burrill  and  Smith 
1919). 

All  of  the  ants  are  widely  distributed  and  Tetramerium  caespitum  is  believed  to  have  been 
introduced  from  Europe  (Creighton  1950).  Most  are  known  from  southern  Canada  and  T. 
caespitum  is  believed  to  have  been  introduced  from  Europe.  All  are  also  known  from  a 
variety  of  vegetative  habitats  (DuBois  and  LaBerge  1988,  Gregg  1944,  Talbot  1934), 
although  C.  pennsylvanicus  is  associated  with  rotting  wood.  In  conclusion,  ants  found  in 
natural  tallgrass  prairie  have  been  able  to  colonize  the  reconstructed  plot  most  likely 
because  of  their  environmental  tolerance  to  anthropogenic  disturbance. 

Formica  montana  Emery  (formerly  F.  cinerea  neocinerea  Wheeler)  may  be  the  most 
significant  of  the  ants  recorded  by  Gregg  (1944)  and  Talbot  (1934)  from  northeastern 
Illinois  prairie  that  is  missing  from  the  reconstructed  plot.  This  mound  dwelling  species 
once  dominated  the  mesic  prairie  of  northeastern  Illinois.  The  environmental  consequence 
of  this  absence  on  successful  tallgrass  prairie  reconstruction  remains  unknown  although 
the  mound  dwelling  congener,  F.  subsericea  has  persisted.  Future  studies  done  on  an 
expanded  scale  in  northeastern  Illinois  should  offer  clues  to  how  the  richness  of  the  ant 
fauna  has  changed  with  development  over  the  past  fifty  years. 
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Table  1.  Ant  species  recorded  from  northeastern  Illinois  prairie  during  the  first  half  of  the 
century  by  Gregg  (1944)  and  Talbot  (1934). 


Subfamily 

Species 

Formicinae 

Formica  Integra  Nylander 

F.  montana  Emery 

F.  nitidiventris  Emery 

F.  subintegra  Emery 

F.  subsericea  Say 

Lasius  alienus  (Foerster) 

L.  neonigerFm&ry 

Polyergus  breviceps  Emery 

Myrmecinae 

Leptothorax  ambiguus  Emery 

Myrmica  lobicomis  fracticomis  Emery 
Solenopsis  molesta  (Say) 
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Table  2.  Ant  species  collected  from  the  reconstructed  tallgrass  prairie  on  the  campus  of 
College  of  DuPage  according  to  adults  collected  outside  of  nests  and  nests 
discovered  with  larvae.  Except  for  nests  in  soil,  all  others  were  found  under 
objects,  including  logs  (all  diameters  <3  cm).  Symbols:  A1  =  aluminum 
sheathing;  B  =  paper  bag;  CB  =  cinder  block;  L  =  log;  P  =  plywood  sheathing; 
PL  =  plastic  bag;  R  =  stone;  and  S  =  soil.  Superscripts  signify  species 
occurrence  in  tallgrass  prairie  according  to  reference:  ^Gregg  (1944); 

'’Hendrickson  (1929);  ‘^Talbot  (1934);  and  ‘'Trager  (1990). 


Subfamily 

Species 

Number  of 

Adults 

Collected 

Number  of 

Nests 

Discovered 

Dolichoderinae 

Tapinoma  sessile  (Say) 

7 

1 

Formicinae 

Acanthomyops  claviger  (Roger)‘' 

4 

Camponotus  pennsylvanicus  (DeGeer) 

12 

1 

Formica  nitidiventris  Emery 

101 

5 

F.  subsericea  Say 

22 

1 

Lasius  alienus  (Foerster) 

452 

16 

Myrmecinae 

Crematogaster  lineolata  (Say)'’*' 

7 

1 

Myrmica  lobicomis  Emery 

20 

Solenopsis  molesta  (Say)‘’’‘' 

3 

4 

Tetramorium  caespitum  (Linnaeus)^' 

19 

3 

Ponerinae 

Ponera  pennsylvanica  Buckley 

1 

Nesting 

Location 


S 


AL,CB,S 

L 

S 

L 

B,L,P,R,S 


S 

R,S 
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ABSTRACT 

Historically  the  North  Fork  Vermilion  River  supported  at  least  30  mussel  species. 
Twenty-three  species  are  currently  extant  in  the  drainage  including  5  state  listed  species 
(Lampsilis  fasciola,  Quadrula  cylindrica,  Toxolasma  lividus,  Villosa  iris,  and  Villosa 
lienosa),  3  of  which  have  their  last  remaining  Illinois  population  in  the  North  Fork 
Vermilion  River  basin.  Seven  listed  species  appear  to  have  been  extirpated  including  the 
federally  endangered  Pleurobema  clava.  Three  other  mussels  considered  rare  at  the  state 
level  (Lasmigona  compressa,  L.  costata  and  Cyclonaias  tuberculata)  were  found  living  in 
the  drainage.  Populations  of  other  listed  species  may  be  re-discovered  and  the  limits  of 
common  species  better  defined  if  a  comprehensive  survey  of  the  entire  Vermilion  drainage 
is  conducted,  particularly  the  tributaries  of  the  Middle  and  North  forks. 

INTRODUCTION 

The  Vermilion  River  drains  approximately  1,390  square  miles  of  primarily  agricultural 
land  in  east  central  Illinois  before  entering  Indiana  where  it  flows  into  the  Wabash  River 
11  miles  downstream  of  the  state  line.  The  Vermilion  River  drainage  is  one  of  the 
highest  quality  stream  systems  in  Illinois  in  terms  of  aquatic  biodiversity  (Page  et  al., 
1992).  The  Vermilion  basin  contains  Illinois'  only  federally  designated  Wild  and  Scenic 
River  (the  Middle  Fork)  and  populations  of  at  least  12  endangered  freshwater  fishes  and 
mussels. 

Based  on  historical  occurrences,  the  North  Fork  Vermilion  River  supported  more  state 
listed  aquatic  species  than  any  other  medium-sized  stream  in  Illinois  (ESPB,  1993). 
Records  from  the  Illinois  Natural  History  Survey  indicate  that  the  North  Fork  Vermilion 
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River  drainage  historically  supported  a  diverse  mussel  fauna  of  at  least  30  species,  over  a 
third  (12)  of  which  are  currently  threatened  or  endangered.  The  only  remaining  Illinois 
populations  of  the  purple  lilliput  {Toxolasma  lividus)  and  rainbow  (Villosa  iris)  survive 
in  the  North  Fork.  The  river  supports  perhaps  the  last  reproducing  population  of  the 
rabbitsfoot  (Quadrula  cylindrica)  in  the  state.  Additionally,  the  state  endangered  eastern 
sand  darter  {Ammocrypta  pellucida)  and  bigeye  shiner  {Notropis  hoops)  occur  in  the  North 
Fork. 

The  North  Fork  originates  in  Iroquois  County  and  joins  the  Vermilion  River  south  of 
Danville.  The  stream  is  62  miles  long  and  has  a  drainage  area  of  294  square  miles.  The 
lower  end  was  impounded  in  1925  to  form  Lake  Vermilion.  The  depth  of  the  river  ranges 
to  5  feet  and  the  width  varies  from  about  10  feet  in  the  headwaters  to  approximately  70 
feet  in  the  lower  reaches.  The  substrate  consists  of  sand  and  gravel  with  some  silt  and 
cobble.  Stream  habitats  include  gravel  riffles,  sand  bars,  pools,  roots  of  trees,  and  slight 
bends.  Some  areas  have  vascular  aquatic  vegetation.  A  thin  forested  riparian  zone 
bounded  by  row  crops  or  pasture  is  present  throughout  much  of  its  length. 

In  terms  of  water  quality,  the  Illinois  Environmental  Protection  Agency  rated  the  North 
Fork  Vermilion  River  as  "Full  Use  Support"  (lEPA,  1996)  and  the  Biological  Streams 
Characterization  rated  the  North  Fork  from  the  Illinois-Indiana  state  line  to  Panther  Creek 
and  from  Lake  Vermilion  to  the  Vermilion  River  as  a  "B"  Stream  (Highly  Valued  Aquatic 
Resource)  (Bertrand  et  al.  1996).  The  North  Fork  Vermilion  River  from  Lake  Vermilion 
upstream  to  the  Illinois  State  line  has  been  classified  a  Biologically  Significant  Stream  in 
Illinois  (Page  et  al.  1992). 

The  freshwater  mussels  of  the  Vermilion  River  have  been  studied  for  over  70  years.  The 
first  survey  of  the  drainage  was  conducted  in  1918-1920  (Baker  1922).  Baker  sampled  31 
sites  in  the  Middle  and  Salt  forks  of  the  drainage  but  did  not  survey  the  North  Fork. 
M.R.  Matteson  sampled  all  three  forks  of  the  Vermilion  basin  in  the  late  1950s, 
including  many  of  the  sites  previously  sampled  by  Baker  (Matteson,  unpublished  1956- 
1958  survey;  shells  vouchered  in  the  INHS  Mollusk  Collection).  Suloway  et  al.  (1981) 
reported  22  species  from  28  sites  in  the  Vermilion  River  drainage  in  1980.  Of  those 
sites,  seven  were  located  in  the  North  Fork,  all  of  which  had  been  previously  sampled  by 
Matteson. 

Freshwater  mussels  have  been  decimated  throughout  the  eastern  United  States  and  may  be 
the  most  endangered  group  of  animals  in  North  America  (Williams  et  al.  1993).  One  of 
the  species  historically  present  in  the  North  Fork  that  has  undergone  a  severe  reduction 
throughout  its  range  is  the  clubshell,  Pleurobema  clava.  The  clubshell  was  listed  as  a 
federally  endangered  species  on  22  January  1993  (50  CFR  17).  This  mussel  was 
historically  widespread  and  common  in  the  Ohio  and  Maumee  river  drainages  (Watters 
1993).  Today  the  clubshell  exists  in  about  eight  widely  separated  populations,  all  but 
one  on  the  periphery  of  its  range.  The  largest  extant  population  of  the  clubshell  is  in  the 
Tippecanoe  River,  Indiana  (Wabash  River  drainage)  where  it  occurs  at  many  sites  from  the 
headwaters  to  the  mouth,  a  distance  of  approximately  150  miles  (Cummings  and 
Berlocher  1990;  ESI  1992,  1993;  Watters  1993).  Other  extant  populations  exist  in  Fish 
Creek  and  East  Fork  West  Branch  St.  Joseph  River  (both  Maumee  River  drainage), 
Ohio/Indiana;  Elk  River  (Kanawha  River  drainage)  West  Virginia;  Green  River, 
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Kentucky;  Little  Darby  Creek,  Ohio;  and  various  streams  in  the  Allegheny  River  drainage 
of  Pennsylvania  and  West  Virginia  (Watters  1993). 

In  Illinois,  the  clubshell  was  historically  known  from  the  Wabash  River  and  the  North, 
Middle,  and  Salt  forks  of  the  Vermilion  River  (Figure  1).  Pleurobema  clava  was  formerly 
abundant  in  the  Wabash  River  as  reported  by  Call  (1896;  1900)  and  as  evidenced  by  the 
numerous  sub-fossil  shells  still  present  on  the  gravel  bars  and  shoals  of  the  river. 
However,  surveys  in  1987,  1988,  and  1996  at  over  50  sites  yielded  no  live  or  fresh-dead 
clubshells  and  it  is  believed  to  have  been  extirpated  from  the  mainstem  of  the  Wabash 
River  (Cummings  et  al.  1992). 

Baker  (1922)  found  living  clubshells  at  three  sites  in  the  Vermilion  River  basin  (two  in 
the  Salt  Fork  and  one  in  the  Middle  Fork)  and  noted  that  they  were  abundant  in  the  Salt 
Fork  south  of  Muncie.  Matteson  (unpublished  1956-58  survey)  did  not  find  Pleurobema 
clava  in  the  Salt  or  Middle  forks  as  reported  by  Baker  but  found  three  live  clubshells  at 
one  site  in  the  North  Fork  near  Alvin  in  1958.  Although  Suloway  et  al.  (1981)  found  no 
live  individuals  of  Pleurobema  clava,  a  fresh-dead  shell  was  collected  in  the  North  Fork  of 
the  Vermilion  River  at  the  same  site  Matteson  had  collected  them  22  years  earlier. 

The  recent  listing  of  Pleurobema  clava  as  federally  endangered  and  the  records  of  fresh-dead 
shells  in  1980  prompted  us  to  re-examine  the  North  Fork  for  an  extant  population  of 
clubshells.  The  objectives  of  this  study  were  to  assess  the  status  of  the  federally 
endangered  clubshell,  Pleurobema  clava,  in  the  North  Fork  of  the  Vermilion  River  in 
Illinois  and  to  provide  additional  data  on  the  distribution  and  status  of  the  other  state  listed 
mussels  in  the  river. 

Description  of  the  Shell  and  Habitat 

The  clubshell  is  triangular,  elongate,  relatively  thick,  compressed,  and  attains  a  length  of 
about  3  inches  (Figure  2).  The  anterior  end  is  rounded  and  the  posterior  end  bluntly 
pointed.  The  beak  or  umbo  is  low,  projected  far  forward,  and  only  slightly  elevated  above 
the  hinge  line.  The  surface  of  the  shell  is  smooth,  with  an  occasional  crease  or  groove 
present  on  posterior  lateral  surface  in  some  individuals.  The  outside  of  the  shell 
(periostracum)  is  yellowish  brown  with  prominent  broken  green  rays  present  in  the  umbo 
region  on  most  specimens.  Older  shells  may  be  dark  brown  or  black  and  individuals  from 
large  streams  (i.e.  Wabash  and  Ohio  rivers)  tend  to  be  more  inflated. 

The  clubshell  is  generally  found  in  medium  to  large  rivers  in  clean  gravel  and  course  sand 
in  runs,  often  downstream  from  a  riffle.  It  buries  completely  beneath  the  substrate, 
apparently  relying  on  water  percolating  through  the  substrate  and  hence  is  very 
susceptible  to  the  smothering  effects  of  siltation  (Watters  1993). 

METHODS 

Live  mussels  and  shells  of  dead  individuals  were  collected  at  12  sites  in  the  North  Fork 
Vermilion  River  drainage  during  1995-96  (Figure  3).  Each  site  was  sampled  by  hand  and 
an  effort  was  made  to  sample  all  available  habitats,  but  particular  emphasis  was  placed  on 
areas  that  appeared  likely  to  support  mussels  (i.e.  gravel  riffles  and  runs).  Voucher 
specimens  were  taken  at  each  site  and  deposited  in  the  Mollusk  Collection  of  the  Illinois 
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Natural  History  Survey  (E^HS),  Champaign,  Illinois.  Data  were  compared  to  the 
previous  surveys  by  Baker  (1922),  Matteson  (unpublished  1956-58  survey),  and  Suloway 
et  al.  (1981),  and  from  specimens  collected  in  the  drainage  from  1981  to  1994  and 
deposited  in  the  INHS  Mollusk  Collection.  Nomenclature  in  this  report  follows  Turgeon 
et  al.  (1988)  except  that  (1)  members  of  the  genus  Pleurobema  are  recognized  following 
Stansbery  (1983),  (2)  no  subspecies  are  recognized,  and  (3)  some  modifications  have  been 
made  to  correct  errors  of  spelling  or  date  of  publication  or  to  reflect  published  changes  in 
nomenclature  since  1988  (i.e.  Hoeh  1990). 

RESULTS  AND  DISCUSSION 

Thirty  species  were  collected  from  12  sites  in  the  North  Fork  Vermilion  River  drainage 
during  1995-96.  Twelve  of  these  species  are  listed  as  threatened  or  endangered  by  the  state 
of  Illinois;  Epioblasma  rangiana  and  Pleurobema  clava  are  also  federally  endangered  (Table 
1;  Herkert  1992;  USDI/FWS  1997).  Of  the  30  species  collected,  23  were  found  alive  and 
7  were  represented  by  shells  only  (Table  1).  All  seven  species  that  we  did  not  find  alive 
are  listed  as  either  threatened  or  endangered  in  Illinois.  The  top  five  species  in  order  of 
abundance  were  fatmucket  {Lampsilis  siliquoidea),  Wabash  pigtoe  (Fusconaiaflava),  giant 
floater  (Pyganodon  grandis),  mapleleaf  (Quadrula  quadruld),  and  white  heelsplitter 
(Lasmigona  complanatd).  Together  they  comprised  67%  of  the  living  mussels  collected. 

In  the  following  accounts,  each  of  the  threatened  or  endangered  species  is  discussed  with 
respect  to  its  historical  and  present  distribution  and  status  in  the  North  Fork  Vermilion 
River  with  additional  comments  on  its  occurrence  in  the  Vermilion  River  drainage  where 
appropriate.  Species  are  listed  by  status  and  then  alphabetically  by  genus.  Comparisons 
are  made  with  data  from  earlier  studies  on  the  mussel  fauna  of  the  North  Fork  Vermilion 
River  (Matteson,  unpublished  1956-1958  survey;  Suloway  et  al.  1981). 

Federally  Endangered 

Epioblasma  rangiana  -  northern  riffleshell:  The  only  previous  published  record  for 
the  northern  riffleshell  in  the  drainage  was  collected  in  the  Vermilion  River  mainstem  at 
Danville  by  A. A.  Hinkley  in  the  early  part  of  this  century  (Baker,  1922).  We  collected 
sub-fossil  shells  in  the  Vermilion  River  at  Danville  in  1990  and  in  the  North  Fork  near 
Alvin  in  1996  and  Bismarck  in  1995.  Given  the  condition  of  the  shells  and  the  fact  that 
it  has  not  been  reported  alive  in  Illinois  in  over  70  years,  the  northern  riffleshell  is 
presumed  extirpated  from  the  state  (Cummings  and  Mayer  1997). 

Pleurobema  clava  -  clubshell:  The  clubshell  was  historically  present  in  all  three  forks 
of  the  Vermilion  River  drainage.  We  considered  the  clubshell  to  be  extirpated  from  the 
Salt  and  Middle  forks  of  the  Vermilion  because  it  had  not  been  found  at  any  of  the  sites 
where  it  formerly  occurred  in  either  the  1957-58  or  1980  surveys,  or  in  general  collecting 
in  those  streams  throughout  the  1980s  and  1990s. 

Matteson  (unpublished  1956-58  survey)  first  documented  clubshells  in  the  North  Fork 
near  Alvin  in  1958.  A  fresh-dead  shell  was  collected  at  the  same  site  in  1980  (Suloway  et 
al.  1981).  Subsequent  searches  at  this  site  in  1985,  1988,  1995,  and  1996  have  produced 
only  weathered-dead  shells.  We  also  found  weathered-dead  clubshells  at  five  other  sites  in 
the  North  Fork:  3  miles  south  of  Rossville  in  1996;  between  Alvin  and  Bismarck  in 
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1995;  Gundy  Cemetery  in  1995;  2  miles  west  of  Bismarck  in  1988  and  1995;  and 
southwest  of  Bismarck  in  1995. 

Illinois  Endangered 

Alasmidonta  viridis  -  slippershell  mussel:  Baker  (1922)  stated  that  the  slippershell 
did  not  occur  in  the  Vermilion  River  drainage.  Alasmidonta  viridis  was  not  collected  by 
Matteson  (unpublished  1956-58  survey)  in  the  1950s  or  by  Suloway  et  al.  (1981)  in 
1980.  This  species  was  found  as  weatheied-dead  shells  in  the  Middle  Branch  North  Fork 
Vermilion  River  in  1993  and  1996  and  the  North  Fork  near  Alvin  in  1993  and  1995.  The 
only  live  records  for  this  species  in  the  Vermilion  River  basin  were  collected  from  Bean 
Creek  (Middle  Fork  drainage)  near  Potomac  in  1989. 

Lampsilis  fasciola  -  wavyrayed  lampmussel:  The  wavyrayed  lampmussel  was 
historically  widespread  in  the  Vermilion  River  drainage.  Recent  live  records  are  known 
from  the  North  Fork  near  Alvin  in  1988,  Bismarck  in  1995,  Hoopeston  in  1995,  Gundy 
Cemetery  in  1996,  and  Rossville  in  1996.  It  was  also  found  alive  in  the  Middle  Branch 
North  Fork  Vermilion  River  near  College  Corners  in  1993  and  near  the  confluence  with 
the  East  Branch  in  1996.  Although  historically  found  in  the  Fox,  Calumet,  and  Wabash 
basins,  the  Vermilion  is  the  only  drainage  that  still  supports  this  species  in  Illinois 
(Cummings  and  Mayer  1997). 

Obovaria  subrotunda  -  round  hickorynut:  The  round  hickorynut  was  historically 
widely  distributed  in  the  Ohio,  Wabash,  Vermilion,  and  Embarras  rivers  but  has 
undergone  a  significant  decline  in  the  past  40  years  (Cummings  and  Mayer  1997).  One 
live  O.  subrotunda  was  found  in  the  North  Fork  near  Hoopeston  in  1980.  A  fresh-dead 
shell  (with  tissue  partially  attached)  was  found  near  Bismarck  in  1987.  Although  we  did 
not  find  the  round  hickorynut  in  our  1995-96  survey,  this  species  is  possibly  extant, 
although  rare,  in  the  Vermilion  River  drainage. 

Ptychobranchus  fasciolaris  -  kidney  shell:  Although  not  reported  by  Baker  (1922),  a 
kidneyshell  was  collected  in  the  Vermilion  River  near  Eugene  in  Vermilion  County, 
Indiana  in  the  early  part  of  this  century  (date  unknown,  ex.  W.F.  Webb  Collection, 
University  of  Michigan  Museum  of  Zoology  #73448).  The  only  documented  live 
occurrences  of  this  mussel  in  the  Vermilion  River  were  individuals  collected  in  the  North 
Fork  near  Alvin  in  1958  and  Bismarck  in  1958  and  1980.  Weathered-dead  kidneyshells 
were  collected  in  the  North  Fork  near  Alvin  in  1995  and  Bismarck  in  1995.  Additional 
weathered-dead  shells  have  been  found  in  the  Vermilion  River  basin  from  the  Middle  Fork 
near  Collison  in  1996  and  Armstrong  in  1991.  Only  one  live  P.  fasciolaris  has  been  seen 
in  the  Vermilion  River  drainage  since  1980  and  this  species’  continued  existence  in  the 
basin  is  uncertain. 

Quadrula  cylindrica  -  rabbitsfoot:  This  mussel  was  historically  found  throughout  the 
Wabash  River  basin  but  apparently  was  rare  in  the  Vermilion  River  drainage  (Baker 
1922).  The  rabbitsfoot  was  found  alive  in  the  North  Fork  near  Alvin  and  Bismarck  in 
the  1950s,  1980s,  and  again  in  1995-96.  It  has  not  been  found  in  the  Salt  or  Middle 
forks  since  the  1920s  and  may  be  extirpated  from  those  streams.  The  only  other  recent 
record  for  this  species  in  Illinois,  outside  of  the  Vermilion  River,  is  from  the  Ohio  River 
(J.  Schwegmann,  Illinois  Dept,  of  Natural  Resources,  pers.  comm.  1995).  Only  adults 
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have  been  found  in  the  Ohio  River  and  reproduction  and  recruitment  into  this  population 
has  not  been  documented.  The  Ohio  River  mussel  fauna  is  also  threatened  by  the 
invasion  of  the  exotic  zebra  mussel  {Dreissena  polymorpha)  and  Q.  cylindrica  may  not 
survive. 

Toxolasma  lividus  -  purple  lilliput:  Reported  as  very  rare  in  the  Salt  Fork  by  Baker 
(1922),  Matteson  (unpublished  1956-58  survey)  found  this  species  at  two  sites,  both  in 
the  North  Fork  in  the  1950s.  It  was  not  reported  from  any  stream  in  the  Vermilion  River 
drainage  in  the  1980s  (Suloway  et  al.  1981)  and  the  next  live  occurrences  in  the  basin 
were  from  the  North  Fork  near  Bismarck  in  1995  and  the  East  Branch  North  Fork  near 
Rossville  in  1996.  The  North  Fork  population  is  likely  the  last  one  remaining  in  the 
state. 

Villosa  fabalis  -  rayed  bean:  This  species  was  not  reported  from  the  Vermilion  River 
by  Baker  (1922)  or  Suloway,  et  al.  (1981)  and  was  found  only  in  the  Salt  Fork  near 
Homer  by  Matteson  (unpublished  1956-58  survey)  in  the  1950s.  Weathered-dead  shells  of 
the  rayed  bean  were  found  in  the  North  Fork  at  Bismarck  in  1988  and  near  Alvin  and 
Danville  in  1995.  No  live  records  for  the  North  Fork  are  known  and  its  status  remains 
questionable. 

Villosa  iris  -  rainbow:  Baker  (1922)  reported  the  rainbow  as  rare  in  the  Big  Vermilion 
River  and  noted  its  occurrence  only  in  the  Middle  Fork.  Live  rainbows  were  found  in  the 
North  Fork  near  Alvin  in  1980  and  near  Bismarck  in  1958  and  1995.  This  species  was 
also  found  alive  in  the  Middle  Branch  North  Fork  Vermilion  River  near  the  confluence 
with  the  East  Branch  in  1996.  Although  the  rainbow  was  historically  widely  distributed 
in  Illinois  (Cummings  and  Mayer  1997),  the  North  Fork  population  is  possibly  the  only 
one  remaining  in  the  state.  The  only  other  documented  live  record  for  the  rainbow  in 
Illinois  was  collected  in  the  Kankakee  River  at  Momence  by  Matteson  in  1960. 

Villosa  lienosa  -  little  spectaclecase:  The  little  spectaclecase  was  formerly  widely 
distributed  in  the  Vermilion  River  and  reported  as  abundant  in  the  Salt  and  Middle  forks 
by  Baker  (1922).  Recent  live  collections  have  been  made  in  the  North  Fork  near  Greer  in 
1989  and  Hoopeston  in  1996.  This  species  was  also  found  alive  in  the  East  Branch  North 
Fork  Vermilion  River  near  Rossville  in  1996. 

Illinois  Threatened 

Elliptio  dilatata  -  spike:  Baker  (1922)  reported  the  spike  as  absent  from  the 
Vermilion  River  above  Danville.  The  only  confirmed  live  occurrence  of  the  spike  in  the 
Vermilion  River  drainage  was  an  individual  collected  from  the  Salt  Fork  at  Homer  Park 
by  Matteson  (unpublished  1956-58  survey)  in  1957.  One  sub-fossil  shell  was  collected 
from  the  North  Fork  near  Rossville  in  1996. 

SUMMARY 

Historically  the  North  Fork  Vermilion  River  supported  at  least  30  mussel  species.  Today 
23  are  extant  in  the  drainage  including  5  state  listed  species.  Three  species  considered  rare 
at  the  state  level  due  to  significant  declines  in  their  ranges  were  also  found:  the  purple 
wartyback  {Cyclonaias  tuberculata),  the  creek  heelsplitter  (Lasmigona  compressa),  and  the 
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fluted  shell  {Lasmigona  costata).  Seven  listed  species  appear  to  have  been  extirpated 
including  the  federally  endangered  Pleurobema  clava.  Factors  which  may  be  responsible 
for  their  extirpation  include  the  loss  of  habitat  caused  by  the  creation  of  Lake  Vermilion, 
channelization  in  the  headwaters,  poor  wastewater  treatment,  and  loss  of  a  well-vegetated 
riparian  zone  to  slow  erosion  and  to  serve  as  a  buffer  to  help  reduce  the  input  of 
agricultural  chemicals. 

The  Vermilion  River  drainage  and  the  North  Fork  in  particular  remain  critical  sites  for  the 
conservation  of  aquatic  biodiversity  and  rare  species  in  Illinois.  Populations  of  other 
listed  species  may  be  re-discovered  and  the  limits  of  common  species  better  defined  if  a 
comprehensive  survey  of  the  entire  Vermilion  Drainage  is  conducted,  particularly  the 
tributaries  of  the  Middle  and  North  forks. 
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Table  1.  Unionids  found  in  the  North  Fork  Vermilion  River  drainage,  Illinois,  1995- 
1996.  FE  =  Federally  endangered,  SE  =  Illinois  state  endangered,  ST  =  Illinois 
state  threatened.  Numbers  represent  live  mussels  found,  WD  =  weathered  dead 
shell,  SF  =  sub-fossil  shell. 


Class  Bivalvia 
Order  Unionacea 
Family  Unionidae 
Subfamily  Anodontinae 

Alasmidonta  marginata  Say,  1818  -  elktoe  4 

Alasmidonta  viridis  (Rafinesque,  1 820)  -  slippershell  mussel  WD 

Anodontoides  ferns sacianus  (I.  Lea,  1834)  -  cylindrical  papershell  3 

Lasmigona  complanata  (Barnes,  1823)  -  white  heelsplitter  30 

Lasmigona  compressa  (I.  Lea,  1829)  -  creek  heelsplitter  2 

Lasmigona  costata  (Rafmesque,  1820)  -  flutedshell  7 

Pyganodon  grandis  (Say,  1829)  -  giant  floater  38 

Strophitus  undulatus  (Say,  1817)  -  squawfoot  6 

Subfamily  Ambleminae 

Amblema  plicata  (Say,  1817)  -  threeridge  4 

Cyclonaias  tuberculata  (Rafmesque,  1820)  -  purple  wartyback  12 

Elliptio  dilatata  (Rafmesque,  1820)  -  spike  SF 

Fusconaiaflava  (Rafinesque,  1820)  -  Wabash  pigtoe  39 

Pleurobema  clava  (Lamarck,  1819)  -  clubshell  WD 

Pleurobema  sintoxia  (Rafmesque,  1820)  -  round  pigtoe  8 

Quadrula  quadrula  (Rafmesque,  1820)  -  mapleleaf  38 

Quadrula  cylindrica  (Say,  1817)  -  rabbitsfoot  4 

Tritogonia  verrucosa  (Rafmesque,  1820)  -  pistolgrip  24 

Subfamily  Lampsilinae 

Epioblasma  rangiana  (I.  Lea,  1838)  -  northern  riffleshell  WD 

Lampsilis  cardium  Rafmesque,  1 820  -  plain  pocketbook  22 

Lampsilis  fasciola  Rafinesque,  1820  -  wavyrayed  lampmussel  5 

Lampsilis  siliquoidea  (Barnes,  1823)  -  fatmucket  101 

Leptodea  fragilis  (Rafmesque,  1820)  -  fragile  papershell  1 

Obovaria  subrotunda  (Rafinesque,  1820)  -  round  hickory  nut  WD 

Ptychobranchus  fasciolaris  (Rafinesque,  1 820)  -  kidneyshell  WD 

Toxolasma  lividus  (Rafinesque,  1831)  -  purple  lilliput  2 

Toxolasma  parvus  (Barnes,  1823)  -  lilliput  2 

Truncilla  truncata  Rafinesque,  1820  -  deertoe  2 

Villosa  fabalis  (I.  Lea,  1831)  -  rayed  bean  WD 

Villosa  iris  (1.  Lea,  1829)  -  rainbow  5 

Villosa  lienosa  (Conrad,  1834)  -  little  spectaclecase  9 


Total  alive 


368 


100 


Figure  1.  Historical  range  of  the  clubshell,  Pleurobema  clava,  in  Illinois.  Inset  map 
shows  the  total  historical  range. 
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Figure  2. 


INHS  3545.  Pleurobema  clava  (Lamarck,  1819).  Tippecanoe  River,  Fulton 
County,  Indiana.  Length  4.8  cm. 
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Figure  3.  Collecting  sites  in  the  North  Fork  Vermilion  River  drainage,  Illinois.  Sites 
4,  5,  8  -  14,  18,  20,  and  23  were  collected  during  1995-96. 
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ABSTRACT 

Grassland  birds  have  shown  more  consistent  population  declines  than  any  other  ecological 
group  of  birds  in  North  America.  Population  declines  have  in  part  been  attributed  to  high 
nest  parasitism  by  brown-headed  cowbirds  (Molothrus  ater).  Parasitism  rates  for  grassland 
birds  appear  to  be  variable  depending  on  the  surrounding  landscape.  This  study 
investigated  the  frequency  of  parasitism  by  brown-headed  cowbirds  of  grassland  bird  nests 
on  seven  small,  rural  airports  in  east-central  Illinois.  We  expected  to  find  high  parasitism 
rates  on  these  small  airports  which  are  typically  bordered  by  fragmented  woodlots  and 
agricultural  fields,  which  provide  abundant  perch  sites  and  food  resources  for  cowbirds.  Of 
the  118  nests  found,  representing  6  species,  only  2  (1.7%)  of  the  nests  were  parasitized 
and  neither  of  the  2  nests  fledged  cowbird  young.  This  is  a  low  rate  compared  to  other 
studies  on  grassland  birds.  This  study  indicates  that  cowbird  parasitism  may  not  affect 
grassland  bird  reproduction  on  small,  rural  airports  in  Illinois. 


Key  Words:  cowbird  parasitism,  grassland  birds,  rural  airports 


INTRODUCTION 

The  brown-headed  cowbird  {Molothrus  ater)  is  an  obligate  brood  parasite  that  has  recently 
increased  in  abundance  due  to  extensive  anthropogenic  fragmentation  and  modification  of 
the  landscape  which  has  led  to  the  exploitation  of  more  host  species  (Brittingham  and 
Temple  1983,  Johnson  and  Temple  1990).  Population  growth  of  cowbirds  has  caused 
dramatic  increases  in  parasitism  rates  (Brittingham  and  Temple  1983).  Most  of  these 
increases  involved  new  host  species,  characteristically  found  in  forest-agriculture  ecotones 
(Gates  and  Gysel  1978).  Surprisingly,  there  is  little  information  available  on  rates  of 
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grassland  bird  parasitism  (Elliott  1978)  and  the  impact  cowbirds  have  on  grassland  bird 
productivity. 

Reported  parasitism  rates  on  grassland  birds  vary  between  species  ranging  from  81.8%  for 
lark  sparrows  (Chondestes  grammacus)  to  6.9%  for  western  meadowlarks  {Stumella 
neglectd)  with  intermediate  levels  (45.2%)  for  homed  larks  (Eremophila  alpestrisXHiW 
1976).  Parasitism  of  grasshopper  sparrows  {Ammodramus  savannarum)  is  rare  (Elliot 
1978),  and  both  eastern  and  western  meadowlarks  are  categorized  as  infrequent  hosts 
(Friedmann,  1963).  Zimmerman  (1983)  found  that  84.8%  of  235  prairie  nests  [primarily 
dickcissels  {Spiza  americana)]  were  parasitized.  Camp  and  Best  (1994)  documented  50% 
parasitism  for  species  nesting  along  roadsides.  There  is,  however,  a  trend  for  higher 
parasitism  rates  on  grassland  birds  that  nest  near  wooded  edges  (Gates  and  Gysel  1978, 
Johnson  and  Temple  1990). 

Small,  rural  airports  are  typically  characterized  as  open  grassland  suitable  for  nesting  by 
grassland  birds  (Crossman  1989,  Kershner  and  Bollinger  1996,  Vickery  et  al.  1994),  and 
in  Illinois  are  generally  bordered  by  both  fragmented  woodlots  and  agricultural  fields  (pers. 
obs).  Adjacent  woodlots  provide  abundant  perch  sites,  and  agricultural  fields  provide  food 
resources  for  cowbirds  (Brittingham  and  Temple  1983,  Gates  and  Gysel  1978).  The 
objectives  of  this  study  were  twofold;  1)  to  test  our  hypothesis  that  high  rates  of  cowbird 
parasitism  occur  on  grassland  birds  nesting  on  small,  mral  airports,  and  2)  to  measure  the 
impact  of  parasitism  on  grassland  bird  productivity.  We  predicted  that  grassland  birds 
nesting  on  these  airport  grasslands  would  have  high  parasitism  rates  because  all  airports 
used  in  this  study  were  less  than  100  ha  of  grassland  habitat  and  linear  in  shape, 
essentially  creating  edge  habitat,  and  were  completely  bordered  by  a  combination  of 
woodlots  and  agriculture  fields  as  close  as  5  m  from  the  airport  edge. 

METHODS 

The  study  was  conducted  at  7  airports  in  7  counties  in  east-central  Illinois:  Clark,  Coles, 
Crawford,  Douglas,  Edgar,  Macon,  Richland  counties  (Kershner  and  Bollinger  1996).  We 
searched  for  nests  of  grassland  birds  twice  a  week  at  each  airport  (see  Kershner  and 
Bollinger  1996  for  detailed  methods).  When  found,  a  nest  was  marked  and  visited  every 
three  days  to  monitor  outcome.  Nests  with  cowbird  eggs  or  young  were  especially  noted 
to  determine  the  effect  of  parasitism  on  host  reproduction. 

RESULTS 

Only  2  of  118  nests  found  on  airport  grounds  (1.7%)  were  parasitized  (Table  1).  A 
parasitized  red-winged  blackbird  {Agelaius  phoeniceus)  nest  was  abandoned,  while  a  homed 
lark  nest  failed  to  fledge  the  single  cowbird  young. 

The  red-winged  blackbird  nest  was  found  with  3  host  eggs  and  1  cowbird  egg.  Of  the  4 
eggs  in  the  nest  only  the  cowbird  egg  hatched.  On  the  next  visit  to  the  nest,  the  2-3  day 
old  cowbird  was  found  dead  in  the  nest  and  1  of  the  3  host  eggs  was  broken;  the 
remaining  2  host  eggs  were  undisturbed.  Neither  adult  was  present,  and  the  remaining 
eggs  never  hatched.  This  nest  was  classified  as  abandoned,  cause  unknown. 
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The  horned  lark  nest  was  found  with  an  adult  incubating  2  host  eggs,  and  1  cowbird  egg. 
Three  days  later  the  nest  still  contained  the  2  host  eggs,  but  the  cowbird  egg  could  not  be 
located.  The  nest  was  monitored  until  both  eggs  hatched  and  both  young  fledged. 

DISCUSSION 

The  most  reasonable  explanation  for  the  missing  cowbird  egg  is  that  the  adults  may  have 
ejected  the  egg  from  the  nest,  although  Hill  (1976)  provides  evidence  that  homed  larks  are 
tolerant  of  cowbird  parasitism.  We  believe  this  is  the  first  report  of  horned  larks  rejecting 
cowbird  eggs.  Our  data  indicate  that  for  small,  mral  airports  in  Illinois  surrounded  by 
woodlots  and  agricultural  fields,  cowbird  parasitism  rates  are  relatively  low  compared  to 
other  grassland  systems.  Parasitism  appears  to  have  little  impact  on  grassland  bird 
productivity  on  airports  in  East-central  Illinois. 

The  low  parasitism  rates  for  the  Illinois  sites  may  be  a  consequence  of  the  significantly 
greater  proportion  of  fragmented  forest  tracts  compared  to  other  Great  Plains  states  (i.e., 
Kansas  z=2,  P=  0.02;  Nebraska  z=2.35,  P=  0.009),  which  have  fewer  scattered  woodlots 
adjacent  to  grasslands  (Illinois  Dept.  Nat.  Resour.  1996,  U.S.  Forest  Service  1996). 
These  scattered  woodlots  may  be  more  attractive  to  cowbirds  than  grassland  areas  because 
cowbirds  may  be  more  successful  finding  host  nests  and  fledging  young  in  forest  tracts 
compared  to  finding  well-concealed,  ground-nesting  grassland  bird  nests.  If  this  is  true, 
cowbirds  should  parasitize  woodland  species  more  than  grassland  species  in  Illinois. 
Cowbirds  would  parasitize  grassland  birds  more  in  the  Great  Plains  because  of  the 
relatively  small  amount  of  forested  areas,  making  grassland  birds  more  readily  available 
than  woodland  birds. 

When  given  the  opportunity,  cowbirds  should  parasitize  woodland  species  more  than 
grassland  species  because  woodland  birds  are  evolutionary  disadvantaged  compared  to 
grassland  birds.  Grassland  host  species  have  had  long  ancestral  experiences  with  cowbird 
parasitism  and  are  much  less  receptive  to  parasitism  than  new  host  species  of  the  forests 
which  have  little  experience  with  cowbird  parasitism  (Hill  1976,  Mayfield  1965).  Besides 
being  less  receptive  to  parasitism,  ground  nests  are  usually  well-concealed  and  hard  to  find 
compared  to  most  forest  bird  nests.  Even  in  woodlots,  Robinson  (1992)  found  a  tendency 
for  cowbirds  to  select  above-ground  nests  over  ground  nests.  Furthermore,  fledging 
success  for  cowbirds  in  grassland  bird  nests  may  often  be  low  [i.e.,  5.8%  fledging  success 
with  eastern  meadowlarks  (5rMme//a  m<3g«a)  and  7.1%  fledging  success  with  grasshopper 
sparrows;  Elliot  1978]  especially  when  compared  to  the  fledging  success  of  cowbirds  in 
forest  nesting  species.  Grassland  species  may  be  more  likely  to  expel  cowbird  eggs  or 
abandon  nests  with  cowbird  eggs,  thus  reducing  cowbird  fledging  success,  than  some 
forest  species  (Hill  1976,  Zimmerman  1983).  The  combination  of  multiple,  available 
forest  hosts  and  the  evolutionary  advantage  of  grassland  species  may  be  the  driving 
mechanism  for  reduced  parasitism  rates  on  small,  rural  airport  grasslands  in  Illinois. 
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Table  1:  Species  found  nesting  on  airport  grasslands  in  east-central  Illinois  with  the 
number  of  nests  found  and  the  number  parasitized  by  brown-headed  cowbirds. 


Species 

nests  found 

nests  parasitized 

Eastern  meadowlark  (Stumella  magna) 

76 

0 

Grasshopper  sparrow  {Ammodramus  savannarum) 

12 

0 

Savannah  sparrow  (Passerculus  sandwichensis) 

12 

0 

Red- winged  blackbird  {Agelaius  phoeniceus) 

11 

1 

Song  sparrow  {Melospiza  melodia) 

4 

0 

Homed  lark  (Eremophila  alpestris) 

3 

1 

Total 
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The  Chicago  Academy  of  Sciences  recently  re-organized  its  mammalogy  collection,  and 
all  specimen  information  was  entered  onto  a  computer  database.  The  collection  of  5,056 
specimens  is  almost  exclusively  from  North  America,  except  approximately  100  animals 
from  Africa.  There  are  179  American  species  represented,  most  collected  between  1890 
and  1940  (see  Appendix).  The  collection  rarely  has  been  noted  in  the  professional 
literature,  and  the  present  paper  highlights  the  history  of  the  Academy's  involvement  in 
mammalogical  research.  We  will  also  refer  to  several  important  specimens,  including 
holotypes  of  two  subspecies,  and  give  a  general  analysis  of  the  Academy's  mammalian 
holdings. 

The  Chicago  Academy  of  Sciences  has  a  long  history  of  investigations  in  mammalogy. 
The  institution  was  founded  in  1857,  making  it  among  the  earliest  scientific 
organizations  in  the  American  West.  In  1866  the  distinguished  Smithsonian  naturalist 
Theodore  Gill  published  the  first  description  of  the  northern  elephant  seal  (Macrorhinus 
angustirostris  =  Mirounga  angustirostris)  in  the  Academy's  Proceedings.  (Gill,  1866). 

One  of  the  earliest  and  most  distinguished  of  America's  nineteenth  century  mammalogists 
was  Robert  Kennicott,  the  driving  force  behind  the  establishment  of  the  Academy's 
museum.  In  1855  Kennicott  published  a  catalog  of  animals  found  in  Cook  County, 
where  he  noted  forty-nine  mammal  species,  including  elk  (Cervus  elaphus,  buffalo  {Bison 
bison),  lynx  (Felis  lynx),  cougar  Felis  concolor,  and  black  bear  (Ursus  americanus). 
These  five  species,  as  well  as  several  others  listed  by  Kennicott,  are  now  extirpated  from 
the  state.  (Kennicott,  1855). 

In  1856  Kennicott  followed  up  this  initial  survey  of  Illinois  mammals  with  a  series  of 
articles  published  in  three  separate  parts.  Entitled  "The  Quadrupeds  of  Illinois  Injurious 
and  Beneficial  to  the  Farmer,"  Kennicott's  papers  were  intended  to  educate  a  general 
audience,  particularly  farmers,  on  the  food  preferences  and  habits  of  mammals,  many  of 
which  were  killed  indiscriminately.  Kennicott  came  out  strongly  in  favor  of  the 
protection  of  wildlife,  long  before  such  sentiments  were  fashionable.  In  the  introduction 
he  wrote,  "before  waging  war  upon  any  animal,  let  us  study  its  habits,  and  look  well  to 
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the  consequences  which  would  follow  its  extermination."  (Kennicott,  1857,  p.  52.) 
Kennicott  also  published  a  series  of  articles  on  mammals  in  the  Prairie  Farmer,  a  popular 
agricultural  newspaper.  (Vasile,  1994). 

Kennicott  was  one  of  the  first  naturalists  to  explore  in  the  American  subarctic  and  arctic. 
His  first  trip  to  the  region,  from  1859-62,  was  highly  successful  in  obtaining  northern 
mammals.  (By  a  Committee  of  the  Academy,  1869).  By  1866  the  Academy  contained 
thousands  of  mammals  from  the  Arctic  region,  as  well  as  2,000  specimens  from  the 
Midwest.  A  fire  in  June  of  1866  destroyed  roughly  half  of  these,  and  the  great  Chicago 
fire  of  1871  incinerated  the  remainder.  (To  the  Friends  and  Correspondents  of  the  Chicago 
Academy  of  Sciences,  1871). 

The  Academy  collection  contains  twenty-one  Kennicott  mammals,  which  were  transferred 
in  1930  from  Northwestern  University  in  Evanston.  Collected  in  the  mid- 1850s  and  early 
1860s,  these  specimens  document  Kennicott's  collecting  efforts  in  Cook  County,  Illinois, 
and  a  trip  up  the  Red  River  in  1857. 

In  1912  Charles  B.  Cory  of  the  Field  Museum  of  Natural  History  published  a  book  on 
the  mammals  of  Illinois  and  Wisconsin.  Cory  quoted  at  length  from  Kennicott’ s  earlier 
studies,  and  the  book  was  an  admirable  attempt  at  synthesizing  information  on  Illinois 
and  Wisconsin  mammals.  (Cory,  1912).  The  work  was  not  based  on  original  research, 
however,  and  little  was  done  on  Chicago-area  mammals  until  1929,  when  Edwin  V. 
Komarek  of  the  Academy  and  Don  A.  Spencer  of  the  University  of  Chicago  embarked  on 
a  survey  of  Chicago  and  the  immediate  vicinity.  This  was  a  thorough  and  arduous 
investigation,  as  the  authors  noted  that  "sixty-four  nights  and  one  hundred  and  eight  days 
were  spent  camping  out  in  all  kinds  of  weather. "(Komarek  and  Spencer,  1931a,  p.  3). 
Thirty-five  different  localities  were  visited,  and  more  than  3,000  mammals  were  collected 
and  studied,  of  which  475  were  made  into  skins  and  added  to  the  Academy’s  collection.  In 
all,  Komarek  and  Spencer  found  thirty-nine  species,  compared  to  the  fifty-three  which 
were  known  to  have  existed  in  the  area  within  historic  times.  (In  an  otherwise  excellent 
treatment  of  the  history  of  mammal  research  in  Illinois,  Donald  F.  Hoffmeister  (1989,  p. 
1-2)  failed  to  cite  the  Komarek  and  Spencer  survey.) 

One  of  their  discoveries  was  a  new  subspecies  of  the  Illinois  pocket  gopher,  {Geomys 
bursarius  illinoensis).  (Komarek  and  Spencer,  1931).  The  type  specimen  (CAS#  713) 
was  collected  one  mile  south  of  Momence,  Illinois  in  Kankakee  County.  The  Academy’s 
collection  contains  thirty-eight  other  specimens  of  this  subspecies,  many  from  the  type 
locality  and  collected  during  the  same  summer.  One  of  these  (CAS#  2194)  was  collected 
in  breeding  status  outside  the  range  suggested  by  Hoffmeister  (1989,  p.  187.) 

Another  study  Ed  Komarek  undertook  for  the  Academy  was  a  survey  of  the  mammals  on 
the  Menominee  Indian  reservation  in  northern  Wisconsin.  This  field  work  in  the  summer 
of  1929  resulted  in  seventy-six  specimens  being  added  to  the  collection.  (Komarek 
1932b).  Komarek  continued  collecting  for  the  Academy  throughout  the  1930s,  often  with 
his  brother  Roy.  In  the  spring  of  1931  Ed  and  several  others  began  a  survey  of  the  Great 
Smoky  Mountains,  particularly  in  Tennessee.  The  summer  of  1931  was  spent  collecting 
in  Colorado,  but  from  1932-34  Ed  returned  to  the  Smokies  with  Roy  to  conduct  more 
extensive  field  studies.  The  area  was  still  largely  a  rugged  wilderness,  consisting  of 
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173,209  square  hectometers  along  the  borders  of  Tennessee  and  North  Carolina.  Parts  of 
the  region  were  second  generation  growth  and  had  been  subjected  to  cultivation, 
lumbering  and  hunting. 

From  a  base  at  Greenbrier,  Tennessee,  Ed  and  his  brother  Roy  eventually  collected  860 
mammals  from  the  Smokies,  concentrating  on  the  smaller  species.  Due  to  this 
predilection  they  came  to  be  known  as  "the  Academy  rat  catchers."  In  all,  the  Komareks 
found  48  species.  One  important  specimen  discovered  by  the  Komareks  in  the  Academy’s 
collection  is  the  type  of  (Microtus  chrotorrhinus  carolinensis)  (CAS#  1506),  the  Smoky 
Mountain  rock  vole.  (Komarek,  1932a).  The  type  was  collected  eight  kilometers  north 
of  Smokemont,  North  Carolina,  in  Swain  County.  In  all,  the  Academy  collection  has 
thirty  of  these  animals. 

In  1940  the  National  Park  Service  dedicated  the  area  as  the  Great  Smoky  Mountains 
National  Park.  The  Komareks  noted  that  since  most  of  their  survey  was  made  prior  to  the 
area  being  designated  a  park,  their  work  would  serve  as  a  basis  for  comparing  the  effects 
of  the  formation  of  the  park  upon  the  mammalian  fauna  of  the  region.  (Komarek  and 
Komarek,  1937).  In  1971  Alicia  V.  and  Donald  W.  Linzey  updated  the  Komareks  work, 
noting  that  several  small  mammals  collected  by  the  Komareks  had  rarely,  if  ever,  been 
seen  again  in  the  region.  (Linzey  and  Linzey,  1971).  For  example,  the  Academy 
contains  two  specimens  of  the  hairy-tailed  mole  {Parascalops  breweri)  (CAS# 
2334,2335),  the  first  records  for  the  park,  as  well  as  for  the  state  of  Tennessee.  The  only 
breeding  record  in  the  park  of  (Cryptotis  parvd)  (CAS#2403)  is  also  the  highest  recorded 
elevation  (50  kilometers)  for  this  species.  A  rice  rat  collected  by  the  Komarek's 
(Oryzomys  palustris)  (CAS#1481)  is  the  only  one  ever  found  in  the  Park. 

In  1934  the  Komareks  extended  their  studies  into  Florida  and  Georgia.  They  traversed 
twelve  thousand  miles  in  Florida,  accumulating  sixy-seven  different  species  and 
subspecies.  The  Academy  has  519  Florida  mammals  and  254  from  Georgia.  Ed  Komarek 
left  the  Academy  in  1935;  that  same  year  the  Academy  published  his  short  paper  on  the 
mammals  of  the  Indiana  Dunes.  (E.  Komarek  1935).  His  brother  Roy  took  his  place  at 
the  museum  and  continued  collecting.  In  1936  Roy  traveled  to  Colorado  and  Wyoming, 
where  he  took  four  specimens  of  the  rare  sagebrush  vole,  (Lagurus  curtatus).  The 
following  year  Roy  accompanied  Academy  director  Howard  Gloyd  on  an  expedition  to 
Arizona.  While  reptiles  and  amphibians  were  the  primary  focus  of  the  trip,  the  Academy 
collected  333  mammals  from  this  state,  many  of  which,  particularly  the  bats,  still  await 
specific  identification. 

In  1958  the  Academy  donated  the  type  specimen  (CAS  #  4061)  and  five  paratypes  of 
(Thomomys  bottae  operosus),  Botta's  pocket  gopher,  to  the  Smithsonian  Institution. 
The  specimens  were  collected  in  Arizona  in  1937  by  Roy  Komarek.  The  Academy  still 
has  six  of  these  animals  from  the  type  locale. 

After  the  Arizona  expedition  Roy  Komarek  took  a  job  in  North  Carolina,  but  the 
Komareks  continued  to  send  mammals  to  the  museum  for  another  five  years.  Between 
1929  and  1937,  these  two  men  collected  prodigiously  for  the  Academy,  often  at  their  own 
expense.  Ed  collected  1,945  specimens,  Roy  another  773,  and  they  brought  in  another 
120  mammals  in  conjunction  with  other  collectors,  including  Mrs.  Betty  Komarek,  Ed's 
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wife,  for  a  total  of  2,838  specimens  from  this  family.  This  figure  represents  over  half  of 
the  Academy's  total  holdings  of  mammals.  Academy  director  Howard  K.  Gloyd  noted  that 
these  two  indefatigable  brothers  were  responsible  for  building  the  mammal  collection,  and 
pointed  out  that  they  had  done  it  with  a  minimum  of  support  from  the  Academy.  (Gloyd, 
1937).  The  Komarek's  selfless  work  was  somewhat  overshadowed  by  their  later  work  at 
the  Tall  Timbers  Research  Station  in  Florida.  Indeed,  the  name  Komarek  is  now 
synonymous  with  the  study  of  lightning  and  wildfire  in  America.  (Pyne,  1982). 

Others  also  have  advanced  the  Academy's  research  on  mammals.  Tappan  Gregory  was  a 
Chicago  lawyer  who  also  had  a  life-long  interest  in  mammals.  A  founding  member  of 
the  Kennicott  Society,  Gregory  was  appointed  honorary  curator  of  mammals  at  the 
Academy  in  1930.  He  pioneered  the  use  of  the  camera  to  photograph  mammals  at  night, 
and  between  1925  and  1932  published  twelve  papers  on  this  subject  in  the  Journal  of 
Mammalogy.  The  Academy  archives  contain  more  than  400  of  Gregory's  glass  negatives 
documenting  various  mammals,  particularly  white-tailed  deer  {Odocoileus  virginianus), 
short-tailed  shrews  (Blarina  brevicauda),  black  bears  {Ursus  americanus),  and  beavers 
{Castor  canadensis.  There  are  also  some  200  lantern  slides  taken  by  Gregory.  Most  of 
the  photos  were  taken  in  northern  Michigan,  but  Illinois,  Montana,  and  New  Mexico  are 
also  represented.  Many  of  these  photographs  were  used  in  Gregory's  articles  and  books. 
(Gregory,  1939). 

The  Academy  has  published  several  noteworthy  papers  relating  to  mammals,  including, 
Tappan  Gregory,  (1936)  "Mammals  of  the  Chicago  Region,";  E.  V.  and  Roy  Komarek, 
(1938)  "Mammals  of  the  Great  Smoky  Mountains,";  Walter  L.  Necker  and  Donald 
Hatfield,  (1941)  "Mammals  of  Illinois,  an  annotated  check  list  with  keys  and 
bibliography,";  D.  Hatfield,  (1942)  "Mammals  from  south-central  Arizona,";  and  Elsie  P. 
Anderson,  (1951)  "Mammals  of  Fulton  County,  Illinois."  Thirty-four  shorter  papers  on 
mammals  appear  in  the  Academy's  Natural  History  Miscellanea  series,  from  1948-1981, 
including  contributions  from  Donald  Hoffmeister,  Colin  Sanborn,  and  Willard  Klimstra. 
Among  them  is  "A  List  and  Bibliography  of  the  Fossil  Mammals  of  Illinois,  by  Robert 

S.  Bader  and  David  Techter  (1959). 

Naturalists  who  are  represented  by  at  least  one  specimen  in  the  mammal  collection 
include  Ferdinand  Hayden,  the  first  head  of  the  U.  S.  Geological  Survey;  Philo  R.  Hoy,  a 
colleague  of  Kennicott's  and  one  of  Wisconsin's  first  naturalists;  Howard  K.  Gloyd, 
Academy  director  from  1936-1958,  known  chiefly  for  his  studies  of  the  rattlesnakes;  Carl 
Akeley,  African  explorer  and  pioneer  taxidermist;  Charles  Brower,  who  sent  forty  skins 
from  Point  Barrow,  Alaska,  the  northernmost  settlement  in  North  America;  and  Benjamin 

T.  Gault,  an  early  Illinois  ornithologist. 

The  Academy  has  approximately  150  mammals  preserved  in  alcohol.  Most  of  the  other 
specimens  are  represented  by  both  a  skin  and  a  skull.  The  appendix  lists  numbers  of 
specimens  by  state,  and  numbers  of  specimens  by  decade,  respectively. 
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APPENDIX 


Chicago  Academy  of  Sciences 


Mammal  Collection  -  State  Count 

Pacific  Frontier 

Midwest 

Northeast 

AK-43 

IL  -  933 

CT-0 

HI-0 

IN  -  133 

ME-0 

lA-  12 

MA-4 

Pacific  Coast 

KS  -  1 

NH-0 

CA  -  209 

MI -73 

NJ-0 

OR -2 

MN-8 

NY  -  12 

WA-0 

MO  -  15 

PA  -  10 

NE-48 

RI-0 

Mountain 

ND-  10 

VT-4 

CO -431 

OH  -  8 

ID -3 

SD-  38 

MT-0 

WI  -  223 

NV-0 

UT-23 

Southern 

WY-  118 

AL-79 

AR-2 

Southwest 

DE-0 

AZ  -  334 

FL  -  521 

NM-4 

GA  -  255 

OK -2 

KY-  87 

TX-  85 

LA  -  102 

MD-0 

MS  -  11 

NC-97 

SC  -  20 

TN-763 

VA-96 

WV-0 

Mammal  Collection  -  Distribution  by  Decade 

Count  (Percent  of  total  collection) 

1990+  -  2  (<1%) 

1900-09 

76  (1.5%) 

1980-89  -  11  (<1%) 

1890-99 

45  (<1%) 

1970-79  -  35  (<1%) 

1880-89 

4  (<1%) 

1960-69  -  28  (<1%) 

1870-79 

25  (<1%) 

1950-59  -  11  (<1%) 

1860-69 

7  (<1%) 

1940-49  -  189  (3.7%) 

<1860 

27  (<1%) 

1930-39 

1920-29 

1910-19 


3575  (70.7%) 
708  (14.0%) 
120  (2.4%) 


data  not  complete  -  193  (3.8%) 
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Aster  subulatus  var.  ligulatus 
(Asteraceae)  and  Chloris  virgata 
(Poaceae)  in  Illinois 


Mark  A.  Basinger 
Department  of  Plant  Biology 
Southern  Illinois  University  at  Carbondale 
Carbondale,  IL  62901-6509 


ABSTRACT 

Aster  subulatus  Michx.  var.  ligulatus  Shinners  (Asteraceae)  and  Chloris  virgata  Swartz 
(Poaceae)  are  reported  from  Union  County  for  the  first  time  as  adventive  members  of 
Illinois’  vascular  flora. 


INTRODUCTION 

The  continuation  of  botanical  field  studies  in  southern  Illinois  has  led  to  the  discovery  of 
two  taxa  of  vascular  plants  which  were  not  previously  reported  for  the  state.  These  two 
taxa,  Aster  subulatus  Michx.  var.  ligulatus  Shinners  (Asteraceae)  and  Chloris  virgata 
Swartz  (Poaceae),  both  adventive  members  of  the  Illinois  flora,  were  found  in  recently 
disturbed  plant  communities  in  Union  County.  Voucher  specimens  for  these  taxa  are 
deposited  at  the  Illinois  Natural  History  Survey  Herbarium  (ILLS)  in  Champaign, 
Illinois.  Nomenclature  follows  Mohlenbrock  (1986). 

RESULTS  AND  DISCUSSION 

SPECIMEN:  Aster  subulatus  Michx.  var.  ligulatus  Shinners  Illinois:  Union  County, 
Weaver's  Woods  approximately  4  miles  south  of  Jonesboro  off  IL  127,  disturbed  soil 
along  intermittent  stream  from  recent  timber  harvest.  SW/4  SW/4  sec.  13  T13S  R2W. 
13  October  1996.  Basinger  1 1060. 

Aster  subulatus  var.  ligulatus  is  a  tap-rooted  annual  which  has  a  non-succulent  habit, 
usually  non-maritime  and  often  weedy  distribution.  Broad  ligulate  florets  which  are 
longer  than  the  phyllaries  and  pappus  and  are  inrolled  at  maturity  distinguish  this  taxon 
from  var.  subulatus  (Cronquist  1980;  Gleason  and  Cronquist  1991).  A  synonym  for  var. 
ligulatus  is  Aster  exilis  Elliott  (Kartesz  1994). 

Cronquist  (1980)  reported  this  taxon  from  the  southern  United  States  westward  to  New 
Mexico  and  northward  to  Missouri,  Kansas,  and  Nebraska.  This  taxon  is  found  in 
adjoining  states  to  Illinois  such  as  Missouri  (Steyermark  1963),  Arkansas  (Smith  1994), 
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Kentucky  (Browne  and  Athey  1992),  Tennessee  (Wofford  and  Krai  1993),  as  well  as  the 
Great  Plains  states  of  Oklahoma,  Kansas,  and  Nebraska  (Barkley  1986).  Swink  and 
Wilhelm  (1994)  reported  Aster  subulatus  from  expressways  in  the  Chicago  region.  It 
appears  the  Chicago  region  plants  are  var.  subulatus  in  that  they  possess  ligulate  florets 
that  are  rudimentary  or  at  most  3  mm  in  length,  succulent  herbage,  and  a  halophytic 
habitat. 

Aster  subulatus  var.  ligulatus  was  probably  introduced  from  Missouri  as  seed  transported 
in  logging  equipment  used  for  timber  harvesting  at  Weaver's  Woods.  A  population  of 
approximately  20  plants  persists  at  this  site  along  an  intermittent  stream.  Associated 
native  taxa  included  Ambrosia  artemisiifolia  L.,  Cyperus  ovularis  (Michx.)  Torr., 
Cyperus  strigosus  L.,  Erigeron  annuus  (L.)  Pers.,  Leersia  virginica  Willd.,  Phytolacca 
americana  L.,  and  Polygonum  pensylvanicum  L,  while  non-native  taxa  included 
Leucanthemum  vulgare  Lam.  and  Setaria  faberi  Herrm. 

SPECIMEN:  Chloris  virgata  Swartz  Illinois:  Union  County,  Jonesboro  Ranger  Station 
off  of  North  Main  Street,  recently  disturbed  soil  adjacent  to  paved  walkway  around  lake 
at  the  ranger  station.  SE/4  NE/4  sec.  24  T12S  R2W.  29  July  1997.  Basinger  11279. 

Chloris  virgata  is  a  fibrous-rooted  annual  with  feathery,  digitate  spikelets  and  long  ciliate 
or  villous  trichomes  on  the  fertile  lemmas,  inflated  upper  sheaths  around  the  flowering 
culms,  and  awns  3-10  mm  long  on  both  the  fertile  and  sterile  lemmas  of  each  spikelet. 
Chloris  virgata  is  native  to  tropical  America  and  is  found  worldwide  in  tropical  and 
warm  temperate  regions  (Hitchcock  1951;  Gould  1975).  This  grass  is  known  throughout 
the  southern  United  States,  especially  the  southwestern  states,  where  it  often  provides 
valuable  forage  for  livestock,  and  is  found  locally  in  the  eastern  states  northward  to 
Maine  (Hitchcock  1951;  Kucera  1961;  Steyermark  1963;  Radford  et  al.  1968;  Gould 
1975;  Gleason  and  Cronquist  1991;  Browne  and  Athey  1992;  Wofford  and  Krai  1993; 
Smith  1994).  A  population  of  approximately  10  plants  persists  at  the  collection  site. 
Associated  native  taxa  included  Ambrosia  artemisiifolia  L.,  Ambrosia  trifida  L.,  and 
Ludwigia  decurrens  Walt.,  while  non-  native  taxa  included  Cynodon  dactylon  (L.)  Pers., 
Digitaria  sanguinalis  (L.)  Scop.,  Eleusine  indica  (L.)  Gaertn.,  Polygonum  cespitosum 
Blume  var.  longisetum  (DeBruyn)  Stewart,  Setaria  faberi  Herrm.,  and  Setaria  verticillata 
(L.)  Beauv. 
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The  Lichen  Flora  of  the  St.  Charles  Park 

District  Natural  Areas 


Richard  D.  Hyerczyk 
5204  South  Natoma  Ave. 
Chicago,  Illinois  60638-1222 


ABSTRACT 

Sixty-two  species  of  lichenized  fungi  are  reported  for  five  natural  areas  owned  and 
managed  by  the  St.  Charles  Park  District,  of  which  26  are  vouchered.  Twenty-nine 
lichens  are  of  the  crustose  growth  form,  23  are  foliose,  7  are  fruticose,  2  are 
squamulose,  and  1  is  umbillicate.  An  annotated  species  list,  along  with  information 
on  the  habitats  and  distribution  for  each  species,  is  provided. 

INTRODUCTION 

The  city  of  St.  Charles,  located  about  58  km  (36  miles)  west  of  Chicago,  in  Kane 
County,  Illinois,  lies  between  the  Kettle  Moraine  Section  of  the  Morainal  Natural 
Division,  and  the  Grand  Prairie  Section  of  the  Grand  Prairie  Division,  of  the  natural 
divisions  of  the  Chicago  region  (Swink  and  Wilhelm  1994).  The  Fox  River  runs 
north  and  south  through  the  center  of  the  city. 

Within  the  holdings  of  the  St.  Charles  Park  District  are  five  natural  areas.  These 
natural  areas  differ  from  the  Park  District's  other  holdings  by  maintaining  natural 
features  and  native  vegetation,  as  opposed  to  those  that  serve  as  mowed  picnic  areas 
or  ball  fields.  Four  of  the  five  are  within  the  municipal  boundaries  of  the  city  of  St. 
Charles,  and  two  of  these  are  dedicated  as  Illinois  State  Nature  Preserves.  All  study 
sites  currently  are  being  managed  with  brush  control,  prescribed  burning,  and  other 
methods. 

Elevations  vary  throughout  the  natural  areas,  ranging  from  210.3  meters  (690  feet) 
along  the  banks  of  the  Fox  River  to  259.1  meters  (850  feet)  in  the  morainal  areas. 
Oak  and  maple  forests  occur  on  morainic  ridges  and  along  the  Fox  River  and  its 
tributaries.  Fens,  wetlands  and  marshes,  and  other  plant  communities  also  are  found 
here. 

Although  no  previous  work  has  been  devoted  to  the  lichen  flora  of  the  St.  Charles 
Park  District,  Wilhelm  and  Lampa  (1987),  reported  60  species  of  macrolichens  from 
adjacent  Du  Page  County.  Calkin's  (1896)  flora  of  the  entire  Chicago  region,  which 
excluded  Kane  County,  reported  125  species  east  of  the  County  line.  This  study  was 
undertaken  to  document  the  lichen  flora  of  the  St.  Charles  Park  District  natural  areas 
and  to  provide  information  on  the  habitats  and  distribution  of  these  lichenized  fungi. 
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MATERIALS  AND  METHODS 

During  April,  May  and  June  of  1997,  three  trips  were  made  to  St.  Charles  to  collect 
voucher  specimens  and  information  on  the  habitats  of  these  lichenized  fungi. 
Specimens  were  identified  using  keys  by  Brodo  (1988),  Hale  (1979),  and  Wilhelm 
(1995).  Abundance  was  assesed  by  counting  the  number  of  preserves  each  species 
was  found  in  :  1  -  rare,  2  -  occasional,  3  to  4  -  frequent,  5  -  common.  Lichens  new 
or  uncommon  to  Kane  County,  were  deposited  in  the  herbarium  at  the  Morton 
Arboretum  (MOR),  Lisle,  Illinois.  A  set  of  vouchered  specimens  has  also  been 
deposited  with  the  St.  Charles  Park  District.  Nomenclature  and  authority  follow 
Esslinger  and  Egan  (1995). 

The  Study  Sites 

Campton  Hills  Park  Natural  Area  -  fT40N  R8E  Sect.  3D  101.2  ha  (250  acres!. 

This  is  a  large  preserve  with  a  variety  of  habitats  including  mesic  oak  woodlands,  a 
dry  hill  prairie,  and  gravel  pits.  Elevations  average  around  243.8  -  259.1  meters  (800 

-  850  feet).  Lichens  were  found  on  four  types  of  substrate:  terricolous  -  on  thin  soil 
over  gravel  on  a  hill  prairie;  lignicolous  -  on  wooden  pallets  and  decorticate  logs  in  a 
gravel  pit;  saxicolous  -  on  granite  boulders  and  on  dolomite,  limestone,  and  concrete 
rubble;  corticolous  -  on  the  trunks  and  branches  of  Acer  negundo,  Carya  ovata, 
Crataegus  mollis,  Fraxinus  americana,  Juglans  nigra,  Quercus  alba,  Q. 
macrocarpa,  and  Tilia  americana.  A  total  of  41  species  of  lichens  of  lichens  are 
reported  (Appendix  I). 

Person  Creek  Fen  Nature  Preserve  -  rT4QN  R8E  Sect.  22)  18.6  ha  (46  acres!. 

This  Nature  Preserve  contains  a  high  quality  fen,  marshy  wetlands  and  wet 
floodplain  forests  along  the  west  bank  of  the  Fox  River.  Elevations  average  around 
210.3  -  213.4  meters  (690  -  700  feet).  Lichens  were  found  on  three  types  of 
substrate:  lignicolous  -  on  the  wooden  railing  and  boardwalk  through  the  fen; 
saxicolous  -  on  old  bricks  and  mortar,  asphalt,  limestone,  and  concrete  rubble; 
corticolous  -  on  the  trunks  and  branches  of  Acer  negundo,  A.  saccharinum,  Fraxinus 
americana,  Populus  deltoides,  Salix  discolor,  Ulmus  americana,  and  U.  pumila.  A 
total  of  14  species  of  lichens  are  reported  (Appendix  I). 

Norris  Woods  Nature  Preserve  -  rT40N  R8E  Sect.  22)  29.5  ha  (13  acres!. 

This  Nature  Preserve  is  a  remnant  dry-mesic  upland  oak  forest  along  the  east  bank  of 
the  Fox  River.  Elevations  average  around  210.3  -  228.6  meters  (690  -  750  feet). 
Lichens  were  found  on  three  types  of  substrate:  lignicolous  -  on  the  weathered  wood 
rail  fence  along  the  trail  along  the  Fox  River  and  also  on  decorticate  logs;  saxicolous 

-  on  granite  boulders,  limestone,  and  weathered  concrete;  corticolous  -  on  the  trunks 
and  branches  of  Carya  ovata,  Fraxinus  americana,  Juglans  nigra,  Populus  deltoides, 
Prunus  serotina,  Quercus  alba,  Q.  macrocarpa,  Q.  rubra,  and  Ulmus  americana.  A 
total  of  31  species  of  lichens  are  reported  (Appendix  I). 

Otter  Creek  Bend  Wetland  Park  -  tT40N  R8E  Sect.  81  20.2  ha  (50  acres!. 

This  preserve  consists  of  a  restored  wetland  on  old  farm  fields.  Several  species  of 
trees  and  shrubs  grow  along  the  perimeter  of  this  site.  Elevations  average  around 
231.6  -  234.7  meters  (760  -  770  feet).  Lichens  were  found  on  three  types  of 
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substrate:  lignicolous  -  on  a  weathered  wooden  post;  saxicolous  -  on  sandstone 
boulders  and  asphalt,  concrete  and  dolomite  rubble;  corticolous  -  on  the  trunks  and 
branches  of  Acer  negundo,  Prunus  serotina,  and  Salix  discolor.  A  total  of  17  species 
of  lichens  are  reported  (Appendix  I). 

Persimmon  Woods  Natural  Area  -  tT40N  R8E  Sect.  23)  12.1  ha  GO  acres). 

This  preserve  consists  of  an  upland  swamp  with  adjacent  marshy  wetlands. 
Elevations  average  around  228.6  meters  (750  feet).  Lichens  were  found  on  three 
types  of  substrate:  lignicolous  -  on  decorticate  logs;  saxicolous  -  on  granite  boulders; 
corticolous  -  on  the  trunks  and  branches  of  Carya  ovata,  Fraxinus  americana, 
Quercus  alba,  Q.  macrocarpa,  Q.  rubra,  Tilia  americana,  and  Ulmus  americana.  A 
total  of  17  species  of  lichens  are  reported  (Appendix  I). 

RESULTS 

Sixty-two  species  of  lichenized  fungi  are  reported  for  the  St.  Charles  Park  District 
natural  areas,  of  which  26  are  vouchered.  Twenty-nine  species  are  of  the  crustose 
growth  form,  23  are  foliose,  7  are  fruticose,  2  are  squamulose,  and  1  is  umbillicate. 
Five  species  were  considered  to  be  common,  1 1  were  frequent,  1 1  were  occasional, 
and  35  were  rare.  Nearly  49%  of  the  flora  was  generally  found  on  corticolous 
substrates,  28%  was  saxicolous,  18%  was  lignicolous,  and  5%  was  terricolous. 

While  half  of  the  species  reported  by  Wilhelm  and  Lampa  (1987)  were  found  here, 
only  20%  of  those  reported  by  Calkins  (1896)  could  be  located. 

The  size  of  each  preserve  and  variety  of  habitats  may  have  had  some  influence  on  the 
number  of  lichens  found  at  a  site.  Campton  Hills  was  the  largest  preserve  surveyed 
and  had  a  number  of  habitats  that  offered  a  wide  variety  of  substrates;  it  also  had  the 
highest  number  of  species  found.  Norris  Woods  was  second  in  size  as  well  as  in  the 
number  of  species,  and  so  on.  Fewer  species  were  found  at  the  remaining  preserves, 
a  fact  that  may  be  attributed  to  the  scaricity  of  substrates  and  smaller  land  area.  At  all 
sites,  however,  the  majority  of  lichens  were  found  along  sunny  paths,  or  in  the  "canopies" 
of  trees  that  had  fallen  over,  or  in  open  situations,  where  they  were  able  to  get  sunlight. 
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SPECIES  LIST 

The  following  is  a  list  of  lichenized  fungi  collected  from  the  St.  Charles  Park  District 
natural  areas.  Arrangement  of  the  flora  is  alphabetical  by  genus  and  species.  Presence, 
along  with  a  brief  description  of  habitat,  is  followed  by  the  growth  form  and  substrate(s), 
which  are  listed  in  brackets  [  ].  All  collections  were  made  by  the  author,  and  are  listed  by 
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a  collection  number.  Collections  deposited  at  the  Morton  Arboretum  are  indicated  with 

the  letters  -MOR  following  the  collection  number. 

AMANDINEA  Choisy  ex  Scheid.  &  H.  Mayrh. 

Amandinea  punctata  (Hoffm.)  Coppins  &  Scheid.  Occasional,  on  weathered  wood. 
(1510-MOR).  [CRUSTOSE  /  LIGNICOLOUS]. 

ANISOMERIDIUM  (Mull.  Arg.)  Choisy 

Anisomeridium  nyssigenum  (Ellis  &  Everh.)  R.  C.  Harris.  Frequent,  on  the  trunks  of 
Cary  a  ovata,  Crataegus  mollis,  Quercus  alba,  Q.  macrocarpa,  Salix  nigra,  and 
Ulmus  americana.  (1499,1514,1523,1561).  [CRUSTOSE /CORTICOLOUS]. 

ARTHONIA  Ach. 

Arthonia  caesia  (Flotow)  Korber.  Frequent,  on  the  trunks  and  branches  of  Acer 
saccharum,  Carpinus  caroliniana  var.  virginiana,  Carya  ovata,  Fraxinus 
americana,  Gleditsia  triacanthos,  Morus  alba,  Populus  deltoides,  Prunus  serotina, 
Rhamnus  cathartica,  Rhus  glabra,  R.  typhina,  and  Salix  discolor.  (1528). 
[CRUSTOSE  /  CORTICOLOUS]. 

ASPICILIA  A.  Massal. 

Aspicilia  caesiocinerea  (Nyl.  ex  Malbr.)  Arnold.  Rare,  on  a  granite  boulder  in  a  shaded 
oak  woodland.  (1540-MOR)  [CRUSTOSE/ SAXICOLOUS]. 

BACIDIA  DeNot. 

Bacidia  granosa  (Tuck.)  Zahlbr.  Frequent,  on  asphalt,  concrete,  limestone,  and 
sandstone  rubble.  (1536,  1573-MOR).  [CRUSTOSE /SAXICOLOUS]. 

CALOPLACA  Th.  Fr. 

Caloplaca  cinnabarina  (Ach.)  Zahlbr.  Rare,  on  weathered  concrete.  (1571 -MOR) 
[CRUSTOSE  /  SAXICOLOUS]. 

Caloplaca  feracissima  H.  Magn.  Rare,  on  weathered  concrete.  (1568).  [CRUSTOSE/ 
SAXICOLOUS]. 

Caloplaca  schaereri  (Florke)  Zahlbr.  Rare,  on  granite  boulders  along  a  creek.  (1541- 
MOR)  [CRUSTOSE  /  SAXICOLOUS]. 

Caloplaca  sideritis  (Tuck.)  Zahlbr.  Rare,  on  granite  boulders  along  a  creek.  (1539). 
[CRUSTOSE  /  SAXICOLOUS]. 

CANDELARIA  A.  Massal. 

Candelaria  concolor  (Dickson)  Stein.  Common,  on  asphalt  roofing  shingles,  on 
weathered  wood  rail  fencing  and  decorticate  logs,  on  weathered  concrete,  on 
granite  boulders,  and  on  the  trunks  and  branches  of  Acer  negundo,  A.  saccharum, 
Carya  ovata,  Crataegus  mollis,  Fraxinus  americana,  Gleditsia  triacanthos,  Juglans 
nigra,  Lonicera  sp.,  Malus  sp.,  Morus  alba,  Ostrya  virginiana,  Populus  deltoides, 
Prunus  serotina,  Quercus  alba,  Q.  macrocarpa,  Rhamnus  cathartica,  Rhus  glabra, 
R.  typhina,  Salix  discolor,  Salix  sp.,  Tilia  americana,  Ulmus  americana,  and  U. 
pumila.  (1508,  1555)  [FOLIOSE  /  CORTICOLOUS  -  LIGNICOLOUS  -  SAXICOLOUS]. 

Candelaria  concolor  var.  effusa  (Tuck.)  G.  Merr.  &  Burnham.  Rare,  on  the  lower 
hxdinchQSof  Acer  negundo.  (1507)  [FOLIOSE /CORTICOLOUS]. 
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CANDELARIELLA  Mull.  Arg. 

Candelariella  aurella  (Hoffm.)  Zahlbr.  Rare,  on  weathered  concrete.  (1567-MOR) 
[CRUSTOSE/  SAXICOLOUS]. 

Candelariella  reflexa  (Nyl.)  Lettau.  Occasional,  on  the  branches  of  Fraxinus 
americana,  Quercus  macrocarpa,  and  Q.  rubra,  and  on  weathered  wood  rail 
fencing.  (1532-MOR)  [CRUSTOSE  /  CORTICOLOUS  -  LIGNICOLOUS]. 

Candelariella  vitellina  (Hoffm.)  Mull.  Arg.  Rare,  on  weathered  wood  fence  railing. 
(1511  -MOR)  [CRUSTOSE  /  LIGNICOLOUS] . 

CATAPYRENIUM  Flotow 

Catapyrenium  lachneum  (Ach.)  R.  Sant.  Rare,  on  soil  on  a  hill  prairie.  (1547) 
[SQUAMULOSE  /  TERRICOLOUS]. 

CLADONIA  P.  Browne 

Cladonia  coniocraea  (Florke)  Sprengel  Occasional,  on  decorticate  logs.  (1570) 
[FRUTICOSE  /  LIGNICOLOUS]. 

Cladonia  cristatella  Tuck.  Rare,  on  a  weathered  wooden  pallet  and  on  decorticate  oak 
tree  stumps.  (1549)  [FRUTICOSE /LIGNICOLOUS]. 

Cladonia  fimbriata  (L.)  Fr.  Rare,  on  a  decorticate  oak  tree  stump.  (1572-MOR) 
[FRUTICOSE  /  LIGNICOLOUS]. 

Cladonia  macilenta  var.  bacillaris  (Genth)  Schaerer.  Rare,  on  a  decorticate  oak  tree 
stump.  (1564- MOR)  [FRUTICOSE /LIGNICOLOUS]. 

Cladonia  peziziformis  (With.)  J.  R.  Laundon.  Rare,  on  soil  and  grass  in  a  gravel  pit. 
(1557)  [FRUTICOSE /TERRICOLOUS]. 

Cladonia  ramulosa  (With.)  J.  R.  Laundon.  Occasional,  on  decorticate  logs.  (1517- 
MOR)  [FRUTICOSE /LIGNICOLOUS]. 

Cladonia  rei  Schaerer.  Rare,  on  decorticate  logs.  (1513,  1569)  [FRUTICOSE  / 
LIGNICOLOUS]. 


DERMATOCARPON  Eschw. 

Dermatocarpon  miniatum  (L.)  W.  Mann.  Rare,  on  granite  boulders  and  on  concrete 
rubble  along  a  creek.  (1537)  [UMBILICATE  /  SAXICOLOUS]. 

ENDOCARPON  Hedwig 

Endocarpon  pusillum  Hedwig.  Frequent,  on  concrete,  dolomite,  and  limestone  rubble. 
(S.n.)  [CRUSTOSE  /  SAXICOLOUS]. 

FLAVOPARMELIA  Hale 

Flavoparmelia  caperata  (L.)  Hale.  Frequent,  on  the  lower  branches  of  Fraxinus 
americana,  Quercus  rubra,  Rhus  glabra,  and  Ulmus  americana.  (1522)  [FOLIOSE  / 
CORTICOLOUS]. 


FLAVOPUNCTELIA  (Krog)  Hale 

Flavopunctelia  flaventior  (Stirton)  Hale.  Occasional,  on  moss  covered  logs  and  on  the 
lower  branches  of  Prunus  serotina.  (1529)  [FOLIOSE  /  CORTICOLOUS  - 
MUSICOLOUS]. 
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Flavopunctelia  soredica  (Nyl.)  Hale.  Rare,  on  the  upper  branches  of  a  fallen  Fraxinus 
americana.  (1531-MOR)  [FOLIOSE/CORTICOLOUS]. 

GRAPHIS  Adans. 

Graphis  scripta  (L.)  Ach.  Rare,  on  the  lower  trunk  of  Carya  ovata.  (1544-MOR) 
[CRUSTOSE/  CORTICOLOUS]. 

HYPERPHYSCIA  Mull.  Arg. 

Hyperphyscia  adglutinata  (Florke)  H.  Mayrh.  and  Poelt.  Occasional,  on  the  lower 
branches  of  Salix  discolor  and  Ulmus  americana.  (1501)  [FOLIOSE  /  CORTICOLOUS]. 

Hyperphyscia  syncolla  (Tuck,  ex  Nyl.)  Kalb.  Rare,  on  the  lower  branches  of  Salix 
discolor.  (1504- MOR)  [FOLIOSE/CORTICOLOUS]. 

LECANORA  Ach. 

Lecanora  dispersa  (Pers.)  Sommerf.  Rare,  on  weathered  concrete.  (1551).  [CRUSTOSE/ 
SAXICOLOUS]. 

Lecanora  muralis  (Schreber)  Rabenh.  Rare,  on  granite  and  dolomite  boulders  on  a  hill 
prairie.  (1552).  [CRUSTOSE /SAXICOLOUS]. 

Lecanora  strobilina  (Sprengel)  Kieffer.  Rare,  on  the  trunk  of  Carya  ovata.  (1560- 
MOR)  [CRUSTOSE  /CORTICOLOUS]. 

Lecanora  symmicta  (Ach.)  Ach.  Frequent,  on  the  lower  trunk  of  Carya  ovata.  (1527, 
1559)  [CRUSTOSE /CORTICOLOUS]. 

LECIDEA  Ach. 

Lecidea  sp.  #4  sensu  Harris.  Rare,  on  the  lower  trunk  of  Quercus  rubra.  (1521 -MOR). 
[CRUSTOSE  /  CORTICOLOUS]. 


LEPRARIA  Ach. 

Lepraria  lobificans  Nyl.  Occasional,  on  the  lower  trunks  of  Carya  ovata,  Crataegus 
mollis,  Fraxinus  americana,  Prunus  serotina,  Quercus  rubra,  Rhamnus  cathartica, 
Rhus  radicans,  Quercus  rubra,  and  Ulmus  americana.  (1519)  [CRUSTOSE  / 
CORTICOLOUS]. 

Lepraria  sp.  #1  sensu  MOR  herbarium.  Rare,  on  the  lower  trunk  of  Quercus  rubra. 
(1525-MOR)  [CRUSTOSE  /  CORTICOLOUS]. 

LICHENOTHELIA  D.  Hawksw. 

Lichenothelia  sp.  sensu  MOR  herbarium.  Frequent,  on  a  white  granite  boulder.  (1534- 
MOR)  [CRUSTOSE /SAXICOLOUS]. 

MYELOCHROA  (Asah.)  Elix  &  Hale 

Myelochroa  aurulenta  (Tuck.)  Elix  &  Hale.  Rare,  at  the  base  of  Crataegus  mollis. 
(1548)  [FOLIOSE/CORTICOLOUS]. 

OPEGRAPHA  Ach. 

Opegrapha  atra  Pers.  Occasional,  on  the  trunk  of  Ulmus  americana.  (1520-MOR) 
[CRUSTOSE  /  CORTICOLOUS]. 
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PARMELIA  Ach. 

Parmelia  sulcata  Taylor.  Frequent,  on  the  trunks  and  branches  of  Acer  negundo,  Carya 
ovata,  Fraxinus  americana,  Gleditsia  triacanthos,  Prunus  serotina,  Rhus  typhina, 
Quercus  alba,  Q.  macrocarpa,  Q.  rubra,  Rhamnus  cathartica,  Rhus  glabra,  and 
Ulmus  americana.  (1515)  [FOLIOSE  /  CORTICOLOUS]. 

PARMOTREMA  A.  Massal. 

Parmotrema  hypotropum  (Nyl.)  Hale.  Rare,  on  the  upper  branches  of  a  fallen  Fraxinus 
americana.  (1530-MOR)  [FOLIOSE /CORTICOLOUS]. 

PERTUSARIA  DC. 

Pertusaria  pustulata  (Ach.)  Duby.  Rare,  on  the  lower  trunk  of  Carya  ovata.  (1545- 
MOR)  [CRUSTOSE  /  CORTICOLOUS] . 

PHAEOPHYSCIA  Moberg 

Phaeophyscia  adiastola  (Essl.)  Essl.  Occasional,  on  mosses  growing  over  granite 
boulders.  (1512,1538)  [FOLIOSE/ MUSICICOLOUS  -  SAXICOLOUS]. 

Phaeophyscia  pusilloides  (Zahlbr.)  Essl.  Frequent,  on  a  weathered  wood  rail  fence  and 
on  the  trunks  of  Acer  negundo,  Fraxinus  americana,  Juglans  nigra,  Quercus 
macrocarpa,  Salix  discolor,  Salix  sp.,  and  Ulmus  americana.  (1516)  [FOLIOSE/ 
CORTICOLOUS  -  LIGNICOLOUS]. 

Phaeophyscia  rubropulchra  (Degel.)  Essl.  Common,  on  moss  covered  logs,  on  a 
granite  boulder  and  on  the  trunks  of  Acer  negundo,  A.  saccharinum,  A.  saccharum, 
Carya  ovata,  Crataegus  mollis,  Fraxinus  americana,  Lonicera  sp.,  Populus 
deltoides,  Prunus  serotina,  Quercus  alba,  Q.  macrocarpa,  Q.  rubra,  Rhamnus 
cathartica,  Rhus  typhina,  Salix  discolor,  and  Ulmus  americana  (1505)  [FOLIOSE  / 
CORTICOLOUS  -  MUSICOLOUS  -  SAXICOLOUS]. 

PHYSCIA  (Schreber)  Michaux 

Physcia  adscendens  (Fr.)  H.  Olivier  Rare,  on  the  lower  trunk  of  Salix  discolor.  (1542) 
[FOLIOSE  /  CORTICOLOUS]. 

Physcia  millegrana  Degel.  Common,  on  asphalt  roofing  shingles,  on  a  decorticate  log, 
on  a  weathered  wood  rail  fence  and  telephone  pole,  and  on  the  trunks  and  branches 
of  Acer  negundo,  A.  saccharum,  Carpinus  caroliniana  var.  virginiana,  Crataegus 
mollis,  Fraxinus  americana,  Gleditsia  triacanthos,  Juglans  nigra,  Malus  sp.,  Morus 
alba,  Ostrya  virginiana,  Populus  deltoides,  Prunus  serotina,  Quercus  alba,  Q. 
macrocarpa,  Rhamnus  cathartica,  Rhus  glabra,  R.  typhina,  Salix  discolor,  Salix  sp., 
Tilia  americana,  Ulmus  americana,  and  U.  pumila.  (1502,  1556)  [FOLIOSE  / 
CORTICOLOUS  -  LIGNICOLOUS]. 

Physcia  stellaris  (L.)  Nyl.  Common,  on  a  weathered  wood  rail  fence  and  a  decorticate 
log,  and  on  the  trunks  and  branches  of  Acer  negundo,  A.  saccharum,  Fraxinus 
americana,  Juglans  nigra,  Populus  deltoides,  Prunus  serotina,  Quercus  alba,  Q. 
macrocarpa,  Salix  discolor,  Salix  sp.,  Tilia  americana,  Ulmus  americana,  and  U. 
pumila.  (1503)  [FOLIOSE  /  CORTICOLOUS  -  LIGNICOLOUS]. 

PHYSCIELLA  Essl. 

Physciella  chloantha  (Ach.)  Essl.  Occasional,  on  the  lower  trunk  of  Ulmus  americana. 
(s.  n.  )  [FOLIOSE /CORTICOLOUS]. 
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PHYSCONIA  Poelt 

Physconia  detersa  (Nyl.)  Poelt.  Frequent,  on  weathered  concrete,  on  a  decorticate  log, 
and  on  the  lower  branches  of  Crataegus  mollis,  Fraxinus  americana,  Populus 
deltoides,  and  Ulmus  americana.  (1518,  1562)  [FOLIOSE  /  CORTICOLOUS  - 
LIGNICOLOUS  -  SAXICOLOUS]. 

PLACYNTHIUM  ( Ac h.)  Gray 

Placynthium  nigrum  (Hudson)  Gray.  Rare,  on  dolomite  rubble  on  a  hill  prairie.  (1553) 
[CRUSTOSE  /  SAXICOLOUS]. 


PSORA  Hoffm. 

Psora  decipiens  (Hedwig)  Hoffm.  Rare,  on  soil  on  a  hill  prairie.  (1546) 
[SQUAMULOSE  /  TERRICOLOUS]. 

PUNCTELIA  Krog 

Punctelia  bolliana  (Miill.  Arg.)  Krog.  Rare,  on  the  lower  trunk  of  Quercus 
macrocarpa.  (1543)  [FOLIOSE /CORTICOLOUS]. 

Punctelia  rudecta  (Ach.)  Krog.  Rare,  on  a  weathered  wood  rail  fence,  on  a  decorticate 
log,  and  on  the  trunks  and  branches  of  Carya  ovata,  Fraxinus  americana,  Juglans 
nigra,  Populus  deltiodes,  Prunus  serotina,  Quercus  alba,  and  Quercus  rubra.  (1524) 
[FOLIOSE  /  CORTICOLOUS  -  LIGNICOLOUS]. 

THELIDIUM  A.  Massal. 

Thelidium  microcarpum  (Height.)  A.  L.  Sm.  Rare,  on  asphalt  rubble.  (1506-MOR) 
[CRUSTOSE  /  SAXICOLOUS]. 

THELOCARPON  Nyl.  Hue 

Thelocarpon  laureri  (Flotow)  Nyl.  Rare,  on  a  weathered  wood  fence  railing.  (1509- 
MOR)  [CRUSTOSE /LIGNICOLOUS]. 

VERRUCARIA  Schrader 

Verrucaria  calkinsiana  Servit.  Frequent,  on  concrete  and  dolomite  gravel.  (1526, 
1558)  [CRUSTOSE  /  SAXICOLOUS]. 

Verrucaria  sordida  Servit.  Rare,  on  dolomite  gravel.  (1566-MOR)  [CRUSTOSE  / 
SAXICOLOUS]. 


XANTHORIA  (Fr.)  Th.  Fr. 

Xanthoria  fallax  (Hepp)  Arnold.  Common,  on  a  wood  rail  fence,  a  decorticate  log,  and 
on  the  lower  branches  of  Acer  negundo,  Crataegus  mollis,  Quercus  macrocarpa,  and 
Ulmus  americana.  (1533)  [FOLIOSE  /  CORTICOLOUS  -  LIGNICOLOUS]. 

Xanthoria  polycarpa  (Hoffm.)  Rieber.  Occasional,  on  a  weathered  wood  rail  fence  and 
on  the  lower  branches  of  Salix  discolor.  (1500-MOR)  [FOLIOSE  /  CORTICOLOUS  - 
LIGNICOLOUS]. 

Xanthoria  sp.  #1  sensu  MOR  herbarium.  Rare,  on  weathered  concrete.  (1565-MOR) 
[FOLIOSE  /  SAXICOLOUS]. 
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Appendix  I. 

CAMPTON  HILLS  PARK  NATURAL  AREA 


Amandinea  punctata 
Anisomeridium  nyssigenum 
Arthonia  caesia 
Caloplaca  cinnabarina 
Caloplaca  feracissima 
Candelaria  concolor 
Candelaria  concolor  var.  effusa 
Candelariella  aurella 
Candelariella  reflexa 
Catapyrenium  lachneum 
Cladonia  coniocraea 
Cladonia  cristatella 
Cladonia  fimbriata 
Cladonia  macilenta  var.  bacillaris 
Cladonia  peziziformis 
Cladonia  ramulosa 
Cladonia  rei 
Endocarpon  pusillum 
Flavoparmelia  caperata 
Graphis  scripta 
Lecanora  dispersa 


Lecanora  muralis 
Lecanora  strobilina 
Lecanora  symmicta 
Lichenothelia  sp. 
Myelochroa  aurulenta 
Parmelia  sulcata 
Pertusaria  pustulata 
Phaeophyscia  adiastola 
Phaeophyscia  pusilloides 
Phaeophyscia  rubropulchra 
Physcia  millegrana 
Physcia  stellaris 
Physconia  detersa 
Placynthium  nigrum 
Psora  decipiens 
Punctelia  bolliana 
Verrucaria  calkinsiana 
Verrucaria  sordida 
Xanthoria  fallax 
Xanthoria  sp.#l 


PERSON  CREEK  FEN  NATURE  PRESERVE 


Amandinea  punctata 
Arthonia  caesia 
Bacidia  granosa 
Candelaria  concolor 
Candelariella  vitellina 
Endocarpon  pusillum 
Flavopunctelia  flaventior 


Lecanora  symmicta 
Phaeophyscia  rubropulchra 
Physcia  millegrana 
Physcia  stellaris 
Physconia  detersa 
Thelocarpon  laureri 
Xanthoria  fallax 


NORRIS  WOODS  NATURE  PRESERVE 


Anisomeridium  nyssigenum 
Arthonia  caesia 
Aspicilia  caesiocinerea 
Bacidia  granosa 
Caloplaca  schaereri 
Caloplaca  sideritis 
Candelaria  concolor 
Candelariella  reflexa 
Cladonia  coniocraea 
Dermatocarpon  miniatum 
Endocarpon  pusillum 
Flavoparmelia  caperata 
Flavopunctelia  flaventior 
Flavopunctelia  soredica 
Lepraria  lobificans 
Lepraria  sp.  #1 


Lichenothelia  sp. 
Opegrapha  atra 
Parmelia  sulcata 
Parmotrema  hypotropum 
Phaeophyscia  adiastola 
Phaeophyscia  pusilloides 
Phaeophyscia  rubropulchra 
Physcia  millegrana 
Physcia  stellaris 
Physciella  chloantha 
Physconia  detersa 
Punctelia  rudecta 
Verrucaria  calkinsiana 
Xanthoria  fallax 
Xanthoria  polycarpa 


OTTER  CREEK  BEND  WETLAND  PARK 


Anisomeridium  nyssigenum 
Arthonia  caesia 
Bacidia  granosa 
Candelaria  concolor 
Endocarpon  pusillum 
Hyperphyscia  adglutinata 
Hyperphyscia  syncolla 
Lecanora  symmicta 
Phaeophyscia  pusilloides 


Phaeophyscia  rubropulchra 
Physcia  adscendens 
Physcia  millegrana 
Physcia  stellaris 
Thelidium  microcarpum 
Vermcaria  calkinsiana 
Xanthoria  fallax 
Xanthoria  polycarpa 


PERSIMMON  WOODS  NATURAL  AREA 


Anisomeridium  nyssigenum 
Candelaria  concolor 
Cladonia  ramulosa 
Flavoparmelia  caperata 
Hyperphyscia  adglutinata 
Lecidea  sp.#4 
Lepraria  lobificans 
Lichenothelia  sp. 

Opegrapha  atra 


Parmelia  sulcata 
Phaeophyscia  pusilloides 
Phaeophyscia  rubropulchra 
Physcia  millegrana 
Physcia  stellaris 
Physciella  chloantha 
Physconia  detersa 
Xanthoria  fallax 
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ABSTRACT 

Glycoproteins  (GPs),  proteins  with  covalently  bonded  carbohydrate  complexes,  are  of 
prime  interest  because  they  are  important  components  of  cell  surfaces  (1,2).  We  have 
evaluated  changes  in  GPs  for  three  different  reproductive  stages  of  rabbits:  estrus  (non¬ 
ovulating),  day-6  pseudopregnant  (ovulating  but  not  artificially  inseminated)  and  day-6 
pregnant  (ovulating  and  artificially  inseminated).  The  GPs  were  isolated  and  separated 
by  one  dimensional  sodium  dodecyl  sulfate  polyacrylamide  gel  electrophoresis  [ID  SDS- 
PAGE]  and  then  identified  by  alternate  staining  with  a  protein  and  a  carbohydrate 
specific  stain.  The  GPs  were  eluted  out  of  the  gels  using  electroelution  followed  by 
digestion  with  peptide-N-glycosidase  F  (PNGase  F)  enzyme.  Eight  epithelial  GPs,  with 
apparent  molecular  weights  of  91,  70,  60,  55,  45,  28,  17,  and  15  kD  were  detected  in  all 
three  reproductive  states.  Relative  proportions  of  four  of  the  eight  GPs  (91,  70,  55,  and 
28  kD)  significantly  increased  from  estrus  to  day-6  of  pregnancy  or  pseudopregnancy. 
There  were  no  significant  differences  between  pregnancy  and  pseudopregnancy  implying 
little  effect  of  the  embryo  on  expression  of  maternal  epithelial  glycoproteins.  Only  two 
GP  concentrations  (45  kD  and  17  kD)  remained  constant.  Presence  of  carbohydrate  on 
selected  glycoproteins  was  confirmed  by  enzymic  digestion. 

Key  Words:  endometrium,  glycoproteins,  PNGase  F 
Reprint  requests 


INTRODUCTION 

A  successful  pregnancy  is  dependent  on  the  implantation  process  once  fertilization  has 
occured.  The  luminal  epithelium  undergoes  extensive  differentiation  in  rabbits  prior  to 
the  time  of  blastocyst  implantation.  This  includes  rapid  cell  proliferation  and  fusion  of 
adjacent  cells  (3).  However,  investigation  into  stage-specific  proteins  of  the  endometrial 
epithelium  has  been  limited.  Lampelo  et  al.  (1985)  described  stage  specific  proteins  with 
apparent  molecular  weights  38,000,  55,000  and  84,000  using  purified  plasma  membranes 
isolated  from  receptive  rabbit  endometrial  scrapings  (4).  It  was  uncertain  whether  those 
proteins  were  components  of  epithelial  or  stromal  membranes. 
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Glycoproteins  (GPs),  proteins  with  covalently  bonded  carbohydrate  complexes,  are  of 
special  interest  because  they  are  found  to  be  components  of  the  cell  surface  (1,2, 5, 6). 
Anderson  et  al.  (1986)  isolated  two  major  glycoproteins  with  apparent  molecular  weights 
of  24,000  and  42,000  from  the  luminal  epithelium  of  estrous,  pseudopregnant  and 
pregnant  rabbit  uterine  tracts.  The  studies,  using  fluoroscein  isothiocyanate-conjugated 
(FITC)  lectins,  suggested  the  presence  of  a  glycoprotein  with  a  N-sialic  acid-D-galactose 
terminus  in  the  rabbit  endometrial  epithelium  (7).  While  the  biological  functions  of  these 
stage  specific  glycoproteins  are  not  known,  these  glycoproteins  are  thought  to  be 
molecules  of  recognition/adhesion  involved  in  cellular  interactions  between  the 
trophoblast  and  the  uterus  during  the  initial  stages  of  implantation. 

The  mechanisms  by  which  the  pre-implantation  embryo  and  the  maternal  system  of 
mammals  recognize  each  other  are  poorly  understood.  Insufficient  biochemical  research 
has  been  done  to  find  out  the  chemical  signals  which  coordinate  the  selection  of  the 
embryonic  implantation  site.  Inappropriate  selection  of  embryonic  implantation  site 
could  result  in  ectopic  pregnancies  where  the  developing  embryo  implants  on  an  unusual 
site  other  than  the  uterus.  In  humans,  ectopic  pregnancies  accounts  for  0.5-1%  of 
chemically  recognized  pregnancies  (8).  The  ectopic  pregnancies  are  often  life  threatening 
for  the  mother  and  require  surgical  intervention.  GPs  found  in  the  maternal-embryo 
interface  could  play  an  important  role  in  determining  where  the  embryo  implants. 
Therefore  we  wished  to  extend  Anderson’s  work.  The  aim  of  this  study  was  to  develop  a 
practical  method  to  separate  the  GPs  from  total  protein  using  an  electroelution  technique. 
Some  isolated  GPs  were  then  subjected  to  enzymatic  degradation  to  remove  the  intact 
carbohydrate  for  further  chemical  characterization.  From  these  experiments,  changes  in 
types  or  concentration  of  one  or  more  glycoproteins  or  oligosaccharides  were  observed. 
The  data  suggest  specific  functions  of  the  glycoproteins  or  oligosaccharides  in  the 
process  of  embryo-maternal  molecular  recognition. 

MATERIALS  AND  METHODS 

Bovine  serum  albumin  (BSA)  (fraction  V),  phenylmethylsulfonyl  flouride  (PMSF), 
pepstatin  A  and  Schiff  reagent  were  purchased  from  Sigma  Chemical  Company  (St. 
Louis,  MO).  Leupeptin  was  bought  from  Calbiochem  Corporation  (La  Jolla,  CA). 
Pepstatin  A  and  Peptide-N-glycosidase  F  (PNGase  F)  [from  Flavobacterium 
meningosepticum]  were  purchased  from  Boehringer  Mannheim  Biochemicals 
(Indianapolis,  IN).  The  Sun  Visage  Image  Analyzer  was  purchased  from  Microsystems, 
Inc.,  (Mountain  View,  CA)  and  programs  for  the  image  analyzer  (densitometer)  were 
obtained  from  Biolmage  Corporation  (Ann  Arbor,  MI).  All  other  chemicals  were 
obtained  from  standard  suppliers.  All  water  used  was  doubly  deionized  and  subjected  to 
a  millipore  filter  system. 

Rabbit  uterine  tissues  were  obtained  from  Dr.  M.J.K.  Harper  and  were  shipped  on  dry  ice 
from  the  University  of  Texas  Health  Science  Center  at  San  Antonio,  TX.  Tissues  were 
stored  at  -80°C  until  used.  Mature,  New  Zealand  White-Cambridge  estrous  females  had 
been  injected  with  0.5  international  units  (lU)  of  porcine  follicle  stimulating  hormone 
(FSH),  subcutaneously,  twice  a  day  for  3  days.  The  rabbits  were  then  artificially 
inseminated  with  sperm  from  fertile  bucks  and  designated  as  pregnant  (superovulated) 
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rabbits.  After  insemination,  the  animals  were  then  injected  intravenously  with  100  lU  of 
human  chorionic  gonadotropin  (hCG)  to  induce  ovulation.  This  was  designated  as  zero 
time  (9).  The  rabbits  were  then  sacrificed  (overdose  of  sodium  pentabarbital,  iv)  at  144 
hours  (day-6)  after  zero  time.  All  pregnancies  were  confirmed  by  gently  flushing 
embryos  from  the  uterus  using  Tyrode's  buffer.  For  pseudopregnant  (superovulated) 
rabbits,  only  the  injections  of  FSH  and  hCG  were  given,  as  described  above.  Rabbits 
were  then  sacrificed  at  144  hours  (day-6)  after  zero  time.  No  embryos  were  found  in 
these  animals.  Rabbits  not  given  the  injections  were  considered  to  be  estrus. 

The  uterine  tissues  were  thawed,  rinsed  with  ice-cold  0.9%  (w/v)  NaCl  (saline)  and 
weighed  separately.  The  major  procedure  used  to  isolate  luminal  epithelial  membrane 
proteins  followed  the  intraluminal  detergent  solubilization  method  reported  by  Anderson 
et  al.  (7).  Protein  concentrations  were  determined  following  the  method  by  Bradford  (10) 
using  bovine  serum  albumin  (BSA)  as  a  standard.  The  acetone  precipitated  proteins  were 
separated  by  sodium  dodecyl  sulfate  polyacrylamide  gel  electrophoresis  (SDS-PAGE) 
using  a  slab  gel  by  a  modification  of  the  method  of  Laemmli  (11).  Discontinuous  gels, 
having  a  9%  to  15%  horizontal  step  gradient  in  the  resolving  gel  and  a  4.5%  stacking  gel 
(7)  were  loaded  with  equal  amounts  of  proteins  (50pg  for  the  protein  stain  and  100|ig  for 
the  carbohydrate  stain)  in  each  lane.  Separation  was  achieved  at  room  temperature  with  a 
constant  power  of  15  Watts  per  gel,  with  two  slab  gels  running  simultaneously.  After 
electrophoresis  was  completed  one  gel  (with  50ug  protein)  was  stained  with  coomassie 
brilliant  blue  (12)  and  the  other  (with  lOOpg  protein)  with  the  periodic  acid-Schiffs  (PAS) 
reagent  (13).  Glycoproteins  were  identified  as  those  bands  which  appeared  on  both  gels 
at  the  same  location.  With  each  SDS-PAGE  performed,  standards  of  known  molecular 
weights  (Bio-Rad  Laboratories,  Richmond,  CA)  and  concentrations  were  also  evaluated. 
The  apparent  molecular  weight  of  each  unknown  glycoprotein  was  then  calculated  from 
the  migration  pattern  of  the  standard  proteins  using  a  standard  curve.  Percentage  area  of 
each  glycoprotein  of  the  total  glycoproteins  detected  in  each  reproductive  state  was 
evaluated  using  a  Sun  Image  Analyzer,  which  evaluates  the  areas  of  each  glycoprotein 
band  relative  to  an  intensity  calibration  curve.  The  SDS-PAGE  gels  stained  by 
coomassie  blue  were  used  for  this  purpose.  The  integrated  area  of  each  glycoprotein  was 
divided  by  the  total  area  for  all  the  glycoproteins  detected  in  each  reproductive  state  and 
multiplied  by  100  to  calculate  the  percentage.  The  gel  stained  with  coomassie  brilliant 
blue  was  then  cut  into  sections  to  isolate  the  glycoproteins  selected  for  further  analysis. 
The  sections  were  put  into  individual  dialysis  bags  and  placed  in  the  electroelution 
chamber  (Elutrap)  containing  25mM  Tris,  192mM  Glycine  (pH  8.3)  and  0.1%  (w/v) 
SDS.  The  glycoproteins  were  eluted  at  200V  applied  between  the  two  electrodes,  for  8 
hours  (14).  After  elution,  the  solutions  were  removed,  lyophilized  and  then  stored  at 
-70°C  until  needed. 

Electroeluted  and  lyophilized  glycoproteins  were  resuspended  in  500mM  Tris-HCl  (pH 
6.8)  and  divided  into  two  fractions.  One  fraction  was  used  for  testing  on  SDS-PAGE  and 
the  second  for  enzymatic  digestion.  The  second  fraction  was  divided  into  two  aliquots 
and  each  aliquot  was  lyophilized.  One  resulting  pellet  was  resuspended  in  water  (lOOp.1) 
and  placed  in  a  solution  containing  lOOmM  ammonium  bicarbonate  (pH  7.2),  l%(v/v) 
Triton  X-100  and  incubated  at  37°C  for  24  hours  with  2  units  of  peptide-N-glycosidase  F 
(PNG-ase  F)  enzyme.  Fetuin,  a  well  studied  glycoprotein  from  fetal  calf  serum,  was  used 
as  a  standard  glycoprotein  in  development  of  the  enzymatic  digestion  procedure.  After 
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digestion  of  the  glycoproteins  with  PNG-ase  F  results  were  compared  by  SDS-PAGE, 
with  the  non  digested  GPs.  Changes  in  MW  with  and  without  digestion  were  recorded. 

Statistics  were  performed  using  linear  regression,  analysis  of  variance  (ANOVA),  and 
Fisher's  least  significant  difference  (LSD)  as  applicable  to  determine  the  significant 
difference  (p  <  0.05)  between  reproductive  states.  Also  mean  and  standard  errors  of  the 
mean  (SEM)  were  calculated  for  all  data. 

RESULTS 

Apparent  molecular  weights  of  select  glycoproteins  were  determined  by  simultaneous 
staining  of  two  identical  gels  with  coomassie  blue  or  periodic  acid  Schiff  s  reagent  after 
SDS-PAGE.  Figure  1  represents  the  coomassie  blue  stained  gel  for  proteins  after  SDS- 
PAGE.  The  protein  bands  stained  with  coomassie  blue  represents  the  proteins  obtained 
from  the  rabbit  uterine  tract  epithelium.  These  bands  were  matched  with  those  bands 
obtained  from  periodic  acid  Schiff  s  stain  for  carbohydrates.  The  proteins  stained  with 
both  the  stains  were  identified  as  glycoproteins.  A  total  of  eight  glycoproteins  were 
detected  in  all  three  reproductive  states  (estrus,  day-6  pseudopregnant  and  day-6 
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Figure  1.  Coomassie  Blue  Stained  SDS-PAGE  Gels  of  Proteins  Extracted  from  Rabbit 
Uterine  Tissue.  Protein  stained  gels  of  luminal  epithelial  membrane  proteins 
from  day-6  pregnant  (lanes  2-4),  day-6  pseudopregnant  (5-7)  and  estrous  (8-10) 
rabbit  uteri.  Protein  standards  (phosphorylase  B,  serum  albumin,  ovalbumin, 
carbonic  anhydrase,  trypsin  inhibitor  and  lysozyme)  are  shown  in  lane  1.  The 
values  indicate  the  molecular  weights  (kD)  of  the  standards  used. 
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pregnant)  by  the  two  staining  methods.  However  the  band  intensities  were  different  in 
different  reproductive  states  suggesting  differences  in  relative  abundance.  Protein  stained 
gels  of  luminal  epithelial  membrane  proteins  from  day-6  pregnant  (lanes  2-4),  day-6 
pseudopregnant  (5-7)  and  estrous  (8-10)  rabbit  uteri.  Protein  standards  (phosphorylase  B, 
serum  albumin,  ovalbumin,  carbonic  anhydrase,  trypsin  inhibitor  and  lysozyme)  are 
shown  in  lane  1.  The  values  indicate  the  molecular  weights  (kD)  of  the  standards  used. 
The  apparent  molecular  weights  of  uterine  GPs  were  estimated  relative  to  the  standards. 
The  relative  proportions,  therefore,  the  relative  concentrations  of  the  glycoproteins,  were 
evaluated  from  the  areas  of  the  glycoproteins  detected  by  the  image  analyzer  (Table  1). 
There  were  a  total  of  eight  glycoproteins  present  in  the  three  reproductive  states  (estrous, 
pseudopregnant  and  pregnant).  Of  these,  the  image  analyzer  integrated  only  four  (60, 
45,17,  and  15  kD)  in  the  estrous  reproductive  state.  The  other  four  proteins  were  detected 
only  visually  but  could  not  be  integrated  due  to  low  intensity.  The  day-6  pregnant  and 
pseudopregnant  tissues  had  significantly  higher  (about  ten  fold)  amounts  of  91,  70,  55 
and  28  kD  glycoproteins  compared  to  the  estrous  tissue.  The  estrous  tissue  had  a 
significantly  higher  (two  fold)  concentration  of  the  60  kD  and  15  kD  glycoproteins 
compared  to  the  pseudopregnant  and  pregnant  tissues.  There  was  no  significant 
difference  in  percentage  between  the  45  kD  and  the  17  kD  glycoprotein  amounts  among 
the  three  reproductive  states.  The  60  kD  glycoprotein  was  the  most  predominant 
glycoprotein  in  all  three  stages.  An  overall  significant  increase  in  the  glycoprotein 
amounts  of  molecular  weights  91,  70,  55,  and  28  kD  was  observed  from  estrous  to 
pseudopregnant  to  pregnant  tissue.  Also,  there  was  a  significant  decrease  in  the  60  kD 
and  15  kD  glycoprotein  from  estrous  to  pseudopregnant  and  pregnant  tissue.  There  were 
no  significant  differences  in  any  of  the  glycoproteins  in  day-6  pregnant  tissue  relative  to 
day-6  pseudopregnant  tissue. 

Table  1.  Mean  ±  SEM  of  percentage  intensity  of  each  glycoprotein  band  of  the  total 
glycoprotein  detected  by  the  image  analyzer. 


Apparent 
molecular  weight 
(kD) 

Estrus 

%  Glycoprotein 

Day-6 

Pseudopregnant  % 
Glycoprotein 

Day-6  Pregnant 
%  Glycoprotein 

91 

* 

13.3  ±  1.97" 

14.6  ±  1.45" 

70 

* 

9.48  ±  0.683'' 

1 1 .0  ±  0.993" 

60 

46.4  ±  5.1  L 

30.4  ±3.51“ 

24.9  ±  1.16“ 

55 

* 

8.46  ±  0.0250" 

8.51  ±0.430" 

45 

12.9  +  2.05' 

12.0  ±0.828' 

8.94  ±  1.21' 

28 

* 

9.68  ±0.106® 

10.1  ±  1.13® 

17 

9.36  ±2.10'’ 

8.43  ±  0.652" 

8.45  ±  0.603" 

15 

24.6  ±  4.63' 

12.4  ±  0.074' 

13.6  ±  1.42' 

*  Indicates  bands  present  but  below  evaluation  limits  of  the  image  analyzer. 

Values  with  the  same  letter  are  not  significantly  different  between  reproductive  states 
at  p<  0.05  (ANOVA  and  Fisher’s  LSD). 
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Figure  2  represents  the  image  analyzer  data  in  the  form  of  a  bar  graph.  The  Y  axis 
represents  the  percentage  intensity  of  total  (intensity  detected  by  the  image  analyzer  is 
integrated  as  A  x  mm^)  for  the  glycoproteins  ±  standard  error  of  the  mean  (SEM) 
detected  by  the  image  analyzer.  The  X  axis  represents  the  apparent  molecular 
weights(kD)  of  the  glycoproteins  detected.  The  SEM  is  indicated  on  the  top  of  each  bar. 
The  SEM  values  were  relatively  small  (0.30%  to  2.2%)  compared  to  the  mean  values. 
Three  rabbit  uterine  GPs  of  molecular  weight  60,  45,  and  15  kD  were  digested  with 
PNGase  F  and  electrophoretic  behavior  changes  were  compared  to  the  well  known 
glycoprotein,  fetuin.  A  loss  of  7kD  was  obtained  for  each  of  the  three  rabbit  uterine  GPs 
studied.  If  we  assume  the  average  MW  of  a  monosaccharide  is  212  then  a  7kD  would  be 
30-33  sugar  residues  attached  to  these  GPs.  The  loss  of  approximately  50%  of  the  MW  of 
the  15  kD  glycoprotein  and  only  about  10%  of  the  MW  of  the  60  kD  glycoprotein  is 
interesting.  The  lower  molecular  weight  loss  of  the  rabbit  uterine  tract  glycoproteins 
compared  to  fetuin  could  be  due  to  two  factors.  The  rabbit  uterine  glycoproteins  could  be 
mostly  O-linked,  or  the  rabbit  uterine  GPs  have  less  glycosylations  than  fetuin.  Under  the 
same  experimental  conditions,  fetuin  lost  about  21  kD  of  molecular  weight  (data  not 
shown).  The  undigested  fetuin  had  a  higher  apparent  molecular  weight  by  SDS-PAGE 
than  the  digested  fetuin  as  predicted.  Multiple  bands  in  both  the  digested  and  the 
undigested  fetuin  were  observed  and  are  due  to  the  fact  that  fetuin  is  composed  of  several 
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Figure  2.  Image  Analyzer  Data  of  Glycoproteins  after  SDS-PAGE.  The  mean  ±  SEM  of 
the  %  of  intensity  of  each  GP  of  the  total  GP  is  shown  for  the  8  GPs  detected. 
For  all  stages  the  60  kD  protein  had  the  highest  value. 
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glycopeptides  of  fairly  close  molecular  weights  (15).  Also  fetuin  has  both  O-linked  and 
N-linked  oligosaccharides.  The  PNGase  enzyme  is  specific  for  N-linked  glycoproteins 
and,  therefore,  would  hydrolyse  only  the  N-glycosidic  bonds. 

DISCUSSION 

The  method  of  solubilization  used  in  our  study  for  the  plasma  membrane  from  rabbit 
uterine  tract  by  intraluminal  incubation  with  detergent  was  a  novel  technique  reported  by 
Anderson  et  al.(7).  This  technique  offers  advantages  over  the  previous  method  adopted 
by  Lampelo  et  al.  (4)  which  used  endothelial  scrapings  of  the  uterine  tissue.  With  the 
technique  by  Anderson  and  co  workers  the  apical  membrane  of  luminally-exposed  cells 
can  be  partially  solubilized,  leaving  the  apical  junctional  complexes,  as  well  as  the  lateral 
and  basal  regions  of  the  plasma  membranes  intact.  This  provides  specificity  for  the 
surface  cells  that  the  blastocyst  would  encounter,  eliminating  contamination  by  cryptal, 
glandular,  stromal  and  vascular  membranes  (7).  The  detergent  solution  contained  an 
adequate  concentration  of  protease  inhibitors  (pepstatin  A,  leupeptin  and  PMSF)  to  avoid 
band  broadening  in  SDS-PAGE.  From  these  studies,  then,  it  is  obvious  that  the  selection 
of  isolation  method  is  clearly  important. 

A  total  of  eight  glycoproteins  were  detected  in  all  three  reproductive  states  (estrous,  day- 
6  pseudopregnant  and  day-6  pregnant)  after  SDS-PAGE,  but  the  band  intensities  were 
different  in  different  reproductive  states.  The  number  of  protein  bands  detected  by 
coomassie  blue  staining  increased  from  estrous  to  pseudopregnant  and  pregnant  tissue. 
This  increase  was  more  evident  for  the  smaller  molecular  weight  proteins  than  for  the 
larger  molecular  weight  proteins.  The  larger  number  of  protein  bands  in  pseudopregnant 
and  pregnant  tissue  could  be  attributed  to  an  increase  in  uterine  endometrial  synthesis  of 
proteins  after  fertilization.  All  six  standards  were  observed  with  good  separation  by 
SDS-PAGE  in  our  study  using  the  discontinuous  gradient  gels,  so  we  consider  these 
gradient  gels  to  be  a  very  useful  method  to  separate  proteins  (the  correlation  coefficient 
for  the  log  MW  vs.  protein  mobility  was  0.990).  However,  estimation  of  glycoprotein 
molecular  weights  must  be  reviewed  with  caution  since  it  has  been  reported  that 
glycoproteins  can  migrate  differently  than  non  glycosylated  proteins  of  the  same 
molecular  weights  (16). 

The  glycoprotein  relative  proportions  obtained  from  the  image  analyser  were  different  for 
each  of  the  three  reproductive  states.  The  day-6  pseudopregnant  and  the  day-6  pregnant 
tissue  had  significantly  higher  (approximately  ten  fold)  amounts  of  91,  70,  55,28  kD 
glycoproteins  than  the  estrous  tissue.  The  estrous  tissue  had  a  significantly  higher  amount 
of  the  60  kD  (one  and  a  half  to  two  fold)  and  the  15  kD  (almost  two  fold)  glycoproteins 
compared  to  the  day-6  pseudopregnant  and  the  day-6  pregnant  tissue.  There  was  no 
significant  difference  between  the  proportions  of  45  kD  and  17kD  glycoproteins  in  any  of 
the  three  reproductive  states.  Therefore,  it  is  clear  that  of  the  total  eight  glycoproteins 
present  in  the  rabbit  uterine  tract  luminal  epithelium,  the  majority  (four)  significantly 
increase  in  amounts  from  estrous  to  pseudopregnancy  or  pregnancy.  Only  two 
glycoproteins  (45  kD  and  17  kD)  remain  the  same.  The  increase  in  glycoprotein  amounts 
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can  be  attributed  to  the  remodelling  of  the  uterine  epithelium  directed  by  the  ovarian 
steroid  hormones,  since  there  was  no  apparent  quantitative  difference  of  glycoproteins 
concentrations  between  the  pseudopregnant  and  pregnant  tissue.  The  presence  of  the 
embryo  aparently  has  little  effect  on  uterine  glycoprotein  content.  This  correlated  with 
the  reports  by  Anderson  et  al.  (1986)  who  also  report  blastocysts  are  not  required  for 
stage  specific  glycoproteins  (7).  The  45  kD  glycoprotein  detected  in  our  study  could  be 
comparable  to  the  42kD  glycoprotein  detected  in  Anderson's  study.  Lampelo  et  al. 
(1985)  detected  three  proteins  (84kD,  55kD  and  38kD)  from  the  receptive  stages  and  two 
proteins  from  the  non-receptive  stages  (78kD  and  30kD)  of  the  rabbit  endometrial 
scrapings  (4).  Unfortunately  the  MW  values  of  these  two  studies  do  not  correspond. 

The  glycoprotein  with  an  apparent  molecular  weight  of  15kD  evident  throughout  each  of 
the  three  reproductive  stages  corresponds  well  with  the  apparent  molecular  weight  of 
uteroglobin  (15kD),  a  pregnancy  specific  rabbit  uterine  protein  (17,18).  The  fact  that  the 
relative  proportion  of  this  glycoprotein  decreased  in  day-6  pseudopregnant  (12.4  ±  0.074 
%)  and  the  day-6  pregnant  tissue  (13.6  ±  1.42  %)  relative  to  estrous  (24.6  ±  4.63  %)  by 
almost  one  half  correlates  well  with  the  findings  of  Beier  (19).  He  reported  that 
uteroglobin  reaches  a  maximum  concentration  on  day-3  to  day-4  after  ovulation.  The 
overall  results  considering  the  15  kD  glycoprotein  confirms  hormonal  control  which 
stimulates  the  production  of  this  glycoprotein  in  the  uterine  endometrium  in  preparation 
for  the  implanting  blastocyst. 

Whyte  and  Heap  (1989)  reported  a  17kD  molecular  weight  glycoprotein  from  the  uterine 
endometrium  of  pregnant  ewes  which  is  similar  to  our  MW  of  17  kD  found  in  all  three 
stages  tested.  They  have  also  reported  glycoproteins  from  pregnant  ewes  with  molecular 
weights  of  45  kD  and  50-60  kD  and  80  kD  which  correspond  to  some  of  the 
glycoproteins  (45  kD  and  55  kD)  detected  by  this  study  (20).  This  suggests  there  are 
similarities  between  glycoproteins  present  within  reproductive  tracts  of  different 
mammalian  species.  It  also  implies  that  the  functions  of  these  proteins  could  be 
comparable.  However  Tachi  and  Tachi  (1979)  suggest  that  there  is  a  potential  for  species 
specificity  involved  in  the  blastocyst  implantation  to  the  maternal  tissue  (21).  This 
specificity  could  be  either  a  result  of  different  types  or  concentrations  of  glycoproteins 
present  in  the  lumen,  or  a  different  mechanism  other  than  a  glycoprotein  mediated  one. 
Studies  by  Fazleabas  et  al.  (1985)  have  indicated  a  purple,  iron-containing  glycoprotein 
known  as  uteroferrin  (Uf)  with  an  apparent  molecular  weight  of  35  kD,  synthesized  by 
the  glandular  epithelial  cells  of  the  uterine  endometrium  of  pigs  (22).  Gel  filtration  has 
revealed  a  second,  less  abundant  form  of  Uf  which  is  pink  in  color  with  a  molecular 
weight  of  approximately  80  kD.  Studies  by  Murray  et  al.(1989)  indicated  another  Uf- 
associated  glycoprotein  of  molecular  weight  40-50  kD  from  the  pig  uterine  tract 
endometrium  (23).  We  did  not  detect  any  proteins  with  purple  or  pink  colors  in  the 
unstained  gels.  However,  the  absence  of  these  proteins  could  be  due  the  fact  that  the 
rabbits  are  taxonomically  less  related  to  pig  or  the  rabbit  Uf  is  present  in  a  much  lower 
concentration.  More  work  remains  to  be  done  in  this  area. 

A  hormone-dependent  endometrial  protein  designated  "progestagen-associated  (or 
dependent)  endometrial  protein  "  (PEP)  is  a  glycoprotein  detected  from  the  human 
endometrium  with  a  molecular  weight  of  47  kD  (24).  PEP  has  an  apparent  molecular 
weight  close  to  the  45  kD  glycoprotein  detected  in  our  studies.  The  slightly  different 
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molecular  weight  observed  could  be  due  to  the  conformational  variations  of  the  PEP  or 
due  to  glycosylation  of  this  protein  (either  the  number  or  the  types  of  linkages  of  the 
oligosaccharide).  However,  since  this  rabbit  protein  does  not  change  as  a  function  of  the 
reproductive  state  and  presumbly  the  human  one  does,  the  functions  of  these  two  proteins 
may  not  be  comparable. 

From  these  data,  therefore,  it  is  possible  to  conclude  that  variations  in  types  and 
concentrations  of  glycoproteins  occur  relative  to  the  reproductive  state.  Due  to  the 
experimental  procedure  of  obtaining  these  glycoproteins,  they  are  most  likely  epithelial 
in  origin.  The  data  also  clearly  show  that  all  glycoproteins,  do  not  appear  to  change  in  the 
same  manner.  This  demonstrates  that  there  is  some  specificity  in  the  regulation  of 
protein  synthesis  in  the  rabbit  reproductive  system  and  that  the  specificity  is  under 
hormonal  control.  The  data  imply  that  modifications  in  the  maternal  glycosylation  of 
uterine  epithelial  cells  will  markedly  affect  pre-implantation  embryo-maternal 
interactions. 
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ABSTRACT 

Water  samples  taken  from  selected  sites  along  the  Mackinaw  River  in  Central  Illinois 
were  subjected  to  physicochemical  and  microbiological  analyses  to  indicate  pollution 
levels  in  the  River.  Seventeen  sites  were  identified  as  possible  sources  of  pollution  from 
point  sources  (e.g.,  untreated  “wildcat”  sewer  discharge)  and  non-point  sources  (e.g., 
agricultural  runoff)  by  the  Illinois  Environmental  Protection  Agency  (lEPA)  and  The 
Nature  Conservancy.  Physicochemical  parameters  for  which  water  samples  were 
analyzed  included  temperature,  pH,  conductivity,  turbidity,  and  dissolved  oxygen  (DO). 
Water  samples  were  analyzed  for  bacteria  routinely  used  as  indicators  of  fecal  pollution 
in  both  drinking  water  and  wastewater  (fecal  coliform  and  fecal  Streptococci).  Results  of 
physicochemical  analyses  were  found  to  be  within  acceptable  ranges  for  natural  surface 
waters  as  described  in  the  literature.  However,  concentrations  of  fecal  coliform 
exceeding  recommendations  for  natural  surface  waters  were  recovered  from  samples 
taken  from  eleven  of  seventeen  sites  tested. 


INTRODUCTION 

The  quality  of  surface  and  ground  water  is  important  both  nationally  (U.S.  Environmental 
Protection  Agency  -  USEPA,  1996)  and  regionally  in  Central  Illinois  (Illinois 
Environmental  Protection  Agency  -  lEPA,  1994;  1995;  1996;  Short,  1988).  Water  from 
the  Mackinaw  River  and  its  tributaries  is  used  for  a  variety  of  purposes  in  Central  Illinois, 
including  drinking,  recreation,  agriculture,  and  industry.  Protection  of  quality  water 
supplies  is  important  for  future  generations.  However,  water  quality  is  impacted  by  many 
water  use  sectors,  including  contamination  from  agricultural  runoff,  residential  and 
municipal  sewage  effluent,  and  industrial  wastes  (USEPA,  1994;  lEPA,  1994;  1995; 
1996).  The  Mackinaw  River  has  been  identified  as  one  of  the  highest  quality  rivers  in 
Illinois  by  the  lEPA  (1996).  Both  state  and  private  agencies  are  attempting  to  maintain 
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the  high  quality  of  this  river  by  limiting  or  remediating  pollution  (lEPA,  1995;  The 
Nature  Conservancy,  1995). 

The  Mackinaw  River  Watershed  is  located  in  Central  Illinois  (Figure  1).  The  primary 
land  use  in  the  watershed  is  agriculture.  Agricultural  practices  impact  the  watershed 
through  runoff  of  fertilizer,  pesticide  residue,  and  erosion.  Residential  development  also 
impacts  the  watershed,  particularly  around  Lake  Bloomington,  which,  along  with  Lake 
Evergreen,  is  the  drinking  water  supply  for  the  City  of  Bloomington,  IL.  Residential, 
commercial,  and  agricultural  development  have  been  limited  around  Lake  Evergreen  in 
an  effort  to  limit  pollution  (lEPA,  1996,  Parrel,  et  al.,  1995).  Three  main  tributaries 
contributing  to  the  Mackinaw  River  are  Panther  Creek,  Money  Creek,  and  Six  Mile 
Creek.  Panther  Creek  contributes  to  the  Mackinaw  from  the  Northwestern  part  of  the 
watershed.  Little  Panther  Creek  and  the  East  and  West  Branches  of  Panther  Creek 
contribute  to  Panther  Creek.  Tributaries  contributing  to  the  Mackinaw  River  in  the 
Northeastern  portion  of  the  watershed  include  Buck,  Patton,  and  Henline  Creeks.  Money 
Creek  and  Six  Mile  Creek  are  the  major  tributaries  contributing  to  Lake  Bloomington  and 
Lake  Evergreen,  respectively,  which  contribute  to  the  Mackinaw  River  from  the  Southern 
part  of  the  watershed.  Crooked  and  Little  Crooked  Creek  contribute  to  the  Mackinaw 
East  of  Money  Creek  while  Denman  Creek  contributes  to  the  Mackinaw  West  of  Six 
Mile  Creek.  All  of  these  tributaries  contribute  to  the  Mackinaw  River  above  the 
Westernmost  (downstream)  sampling  point  in  this  study  (Figure  1). 

While  federal,  state,  and  local  governmental  agencies  and  private  agencies  monitor  water 
quality  periodically,  the  extent  and  type  of  this  monitoring  may  be  inadequate  to 
determine  many  potential  environmental  health  effects  that  may  impact  detrimentally 
upon  human  health  and  the  delicate  balance  of  ecosystems  (USEPA,  1994;  lEPA,  1994; 
1995;  1996).  Water  quality  in  the  Mackinaw  River  has  previously  been  studied  by 
measuring  physicochemical  indicators  of  pollution  and  macroinvertebrate  populations 
(e.g.,  aquatic  insects,  mussels,  etc.)  affected  by  pollution  (Short,  1988),  but 
microbiological  testing  has  not  been  a  major  focus.  Microbiological  analyses  of  water 
are  routinely  used  to  determine  levels  of  microorganisms  that  are  indicative  of  fecal 
contamination  (e.g.,  from  human  sewage  effluent  or  other  animal  wastes).  Coliform 
bacteria  indicate  the  potential  presence  of  other  pathogenic  microorganisms  capable  of 
causing  disease  if  ingested  in  sufficient  quantities.  Therefore,  if  coliform  are  present  in 
water  above  required  or  recommended  levels,  the  water  is  assumed  more  likely  to 
transmit  infectious  disease  to  humans  or  other  animals  (Eaton,  1995;  Salvato,  1992). 

The  potential  for  transfer  of  potentially  pathogenic  microorganisms,  nutrients,  and  toxic 
chemicals  from  agricultural,  residential,  and  industrial  wastes  through  soil  to  surface 
water  or  groundwater  is  a  legitimate  environmental  health  concern  (Kelley,  1991;  1994; 
1995).  Sampling  and  characterization  of  local  surface  water  systems  is  also  a  teaching 
and  learning  tool  to  introduce  students  to  important  environmental  health  concepts,  such 
as  how  water  systems  respond  to  various  contaminants,  and  how  pollution  may  be 
reduced  (Kelley,  1994;  National  Science  Foundation  -  NSF,  1993). 

This  study  was  a  component  of  The  Nature  Conservancy  Mackinaw  River  Project.  The 
goal  of  the  Mackinaw  River  Project  is  to  develop  a  workable  plan  to  ensure  the  protection 
of  the  Mackinaw  River  and  its  water  quality  through  voluntary  efforts  to  reduce  or 
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eliminate  runoff  and  wastes  that  currently  enter  the  river.  Constructed  wetlands  have 
been  proposed  as  a  technique  for  wastewater  treatment  to  economically  remediate  point- 
and  non-point  source  river  pollution.  The  Nature  Conservancy  is  currently  seeking 
funding  for  constructed  wetland  projects  to  remediate  point  and  non-point  source 
pollution  of  the  Mackinaw  River  (The  Nature  Conservancy,  1995). 

The  primary  objective  of  this  study  was  to  determine  concentrations  of  microbiological 
indicators  of  pollution  in  surface  waters  in  the  Mackinaw  River  and  its  tributaries.  These 
data  can  indicate  sources  of  both  point  and  non-point  sources  of  fecal  pollution  that  may 
be  adversely  impacting  water  quality  in  the  region  (Parrel',  1995).  This  information  may 
also  be  used  to  reduce  or  eliminate  sources  of  pollution. 

A  secondary  objective  of  this  study  was  to  monitor  basic  physicochemical  parameters  of 
water  in  the  Mackinaw  River  (temperature,  pH,  conductivity,  turbidity,  and  dissolved 
oxygen  levels)  and  relate  these  parameters  to  general  water  quality  in  the  river.  These 
data  also  indicate  potential  sources  of  point  and  non-point  pollution  in  the  region  from 
agricultural,  industrial,  and  residential  sources. 

A  third  and  final  objective  of  this  study  was  to  supplement  the  work  of  local,  state,  and 
federal  agencies  monitoring  water  quality  in  the  region.  Data  generated  from  this  study 
will  contribute  to  the  community  by  providing  more  precise  information  concerning 
water  quality  than  is  currently  available.  Data  generated  from  this  study  is  being  shared 
through  publications  and  presentations  to  promote  increased  understanding  and  potential 
remediation  of  regional  water  pollution. 

MATERIALS  AND  METHODS 


Physicochemical  Analyses 

Temperature  and  conductivity  measurements  were  made  on-site  from  June-September, 
1996  using  a  YSI  Model  33  Conductivity  Meter  (Yellow  Springs  Instruments,  Yellow 
Springs,  OH).  pH  measurements  were  also  taken  on-site  using  a  Hach  Comparator  (Hach 
Company,  Loveland,  CO).  Dissolved  oxygen  (DO)  measurements  were  taken  using  a 
YSI  Model  54A  Dissolved  Oxygen  Meter  (Yellow  Springs  Instruments,  Yellow  Springs, 
OH).  Turbidity  measurements  were  made  using  a  Hach  DR2000  Spectrophotometer 
(Hach  Company,  Loveland,  CO).  Methods  used  for  physicochemical  water  analyses 
were  performed  as  described  in  Standard  Methods  for  the  Examination  of  Water  and 
Wastewater.  19th  Ed.  (1995),  or  Hach  Water  Analysis  Handbook.  2"^  Ed.  0992). 
Fourteen  sites  along  the  Mackinaw  were  initially  identified  by  the  Illinois  Environmental 
Protection  Agency  and  The  Nature  Conservancy  as  potential  areas  contributing  to 
pollution  of  the  Mackinaw  River  (Table  1).  Sampling  sites  on  public  property  were 
chosen  adjacent  to  bridges  to  avoid  obtaining  permission  to  access  private  property. 
Replicate  samples  were  taken  from  (or  replicate  on-site  analyses  made  at)  each  site,  one 
on  each  side  of  the  bridge.  These  sites  were  sampled  from  June  3-24,  1996.  Three 
additional  sites  of  interest  were  later  identified  by  The  Nature  Conservancy  and  sampled 
on  September  9,  1996.  All  sites  were  sampled  in  replicate  except  for  samples  6-9,  which 
were  sampled  four  times  each. 
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Microbiological  analyses 

Water  samples  of  approximately  500  ml  were  taken  from  17  selected  sites  (Figure  1, 
Table  1)  using  aseptic  technique  and  stored  in  sterile  Whirlpak®  -  type  sealed  plastic  bags 
according  to  collection  and  storage  procedures  outlined  in  Standard  Methods  for  the 
Examination  of  Water  and  Wastewater.  19th  Ed.  (1995).  Duplicate  microbial  analyses  of 
each  collected  sample  were  performed  for  each  site.  Sites  #  6-9  were  re-sampled  in 
duplicate  two  weeks  following  the  initial  sampling.  Therefore,  n  =  2  (n  =  4  for  microbial 
analyses)  for  sites  1-5  and  10-17,  and  n  =  4  (n  =  8  for  microbial  analyses)  for  sites  6-9. 
Appropriate  volumes  of  undiluted  water  samples  or  appropriate  dilutions  of  water 
samples  were  filtered  through  0.45-iLim  pore  size  47-mm  diameter  gridded  filters  (Micron 
Separations  Inc.,  Westborough,  MA)  using  a  Nalgene®  (Nalgene  Co.,  Rochester,  NY) 
filtration  apparatus  attached  to  a  vacuum  pump.  Filters  were  transferred  to  the  surface  of 
appropriate  media  (M-FC  for  fecal  coliform  and  m  Enterococcus  for  fecal  Streptococci) 
in  50-mm  petri  dishes  and  incubated  (Dry-type  Bacteriological  Incubators,  Blue  M 
Electric  Company,  Blue  Island,  IL)  for  culturing  of  bacterial  groups.  M  FC  media  was 
incubated  at  44.5°  C  for  24  hrs,  and  m  Enterococcus  media  at  35°  C  for  48  hrs.  Transfers 
to  confirmatory  media  were  made  for  microbial  groups  when  required  (Eaton,  1995). 
Aseptic  technique  was  observed  during  all  microbiological  analyses.  Characteristic 
colonies  were  counted  and  bacterial  group  concentrations  reported  on  a  Colony  Forming 
Unit  per  100-milliliter  basis  (CFU/100  ml). 

Bacterial  culturing  techniques  used  in  determining  bacterial  group  concentrations  in 
water  samples  were  as  described  in  Standard  Methods  for  the  Examination  of  Water  and 
Wastewater.  19th  Edition  (1994)  with  modifications  as  specified  above  using  prepared 
dehydrated  culture  media  (Difco  Laboratories,  Detroit,  MI). 

RESULTS 


Physicochemical  analyses 

Mean  data  for  physicochemical  and  microbiological  analyses  of  water  samples  are 
reported  in  Table  2.  Temperature  of  water  at  sampling  sites  ranged  from  12.5°  C  to  26° 
C.  Levels  of  pH  of  water  at  sampling  sites  ranged  from  7.1  to  8.0,  within  the  range  of 
natural  waters  of  6.0  to  9.0  indicated  by  Salvato  (1992).  Conductivity  of  water  at 
sampling  sites  ranged  from  310  to  800  pMhos,  within  the  normal  range  of  potable  water 
of  50  to  1500  pMhos  (Eaton,  1995).  Turbidity  of  water  samples  varied  from  3.0  FTU 
(Formazin  Turbidity  Units)  to  125  FTU.  An  unusually  high  turbidity  level  was  found  at 
site  15  (125  FTU),  possibly  due  to  suspension  of  sediment  during  sampling.  Turbidity  in 
a  majority  of  samples  (37/42  total  samples  analyzed)  was  below  50  FTU.  Dissolved 
oxygen  levels  in  water  samples  ranged  from  7.1  to  9.4,  above  minimum  levels  of  5.0  mg/1 
required  to  support  fish  survival  and  reproduction  (Salvato,  1992). 

Microbiological  analyses 

Fecal  coliform  concentrations  ranged  from  this  study’s  detection  limit  of  less  than  10 
CFU/100  ml  to  230,000  CFU/100  ml.  Fecal  Streptococci  concentrations  ranged  from  800 
to  16,000  CFU/100  ml.  Highest  concentrations  of  fecal  coliform  were  found  at  site  #  7. 
Highest  concentrations  of  fecal  Streptococci  were  found  at  site  #1.  A  ranking  of  sites 
sampled  for  which  mean  fecal  coliform  concentrations  exceeded  2,000  CFU/100  ml 
(from  highest  to  lowest  concentration)  are  as  follows:  Site  #7,  1,  12,  6,  14,  11,  15,  9,  and 
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13  (Table  2).  High  variability  of  some  microbial  concentration  data  was  primarily  due  to 
variation  between  or  among  different  samples  (e.g.,  taken  at  different  locations  or 
different  times),  rather  than  variability  of  microbial  concentrations  within  the  same 
sample. 

DISCUSSION 

Physicochemical  analyses 

Results  of  physicochemical  analyses  of  water  samples,  including  temperature,  pH, 
conductivity,  turbidity,  and  dissolved  oxygen  are  within  ranges  of  natural  waters 
indicated  in  the  literature  (Eaton,  1995;  Salvato,  1992).  A  high  variability  in  turbidity 
was  found  among  sampling  sites,  which  may  have  been  due  to  localized  suspension  of 
sediment,  possibly  caused  by  animals  (e.g.,  cattle  walking  in  river),  runoff,  or  erosion 
discharge  from  drain  tiles. 

Microbiological  analyses 

Salvato  (1992)  and  the  Federal  Water  Pollution  Control  Administration  (FWPCA,  1968) 
have  suggested  that  acceptable  levels  of  fecal  coliform  concentrations  for  general 
recreational  use  waters  for  which  ingestion  is  not  a  significant  concern  should  not  exceed 
an  average  of  2,000  CFU/100  ml.  Samples  taken  from  sites  #1,  6,  7,  8,  9,  11,  12,  13,  14, 
15,  and  17  were  above  recommended  levels  of  2,000  CFU/100  ml  fecal  coliform  (11/17 
sites  tested).  There  does  not  appear  to  be  an  unusual  distribution  of  these  sites  (e.g., 
clustering  near  a  specific  geographic  area).  However,  most  of  the  sites  chosen  were  near 
small  townships  that  have  little  or  no  wastewater  treatment  prior  to  effluent  discharge. 
Therefore,  untreated  waste  from  these  townships  may  have  contributed  to  fecal  coliform 
and  fecal  Streptococci  recovered  from  the  Mackinaw  River.  Other  possible  sources  of 
fecal  pollution  include  runoff  of  animal  waste  (e.g.,  cattle,  pigs,  goats,  etc.)  from 
agricultural  practices,  as  well  wild  animal  waste  (e.g.,  ducks,  geese,  raccoons,  etc.) 

Concentrations  of  these  fecal  coliform  indicator  bacteria  suggest  that  disease-causing 
microorganisms  (pathogens)  may  also  be  present  in  water  samples  in  concentrations  high 
enough  to  cause  health  concerns  for  persons  exposed  to  these  waters  even  if  there  is  not  a 
significant  risk  of  ingestion  of  the  water  (Salvato,  1992,  FWPCA,  1968). 

Correlation  of  results  to  streamflow  and  precipitation  data 

No  apparent  correlation  was  found  between  physicochemical  and  microbiological  data 
generated  and  streamflow  or  precipitation  data  generated  during  the  sampling  periods 
(U.S.  Geological  Survey,  1996).  In  other  words,  whether  stream  flow  and  precipitation 
levels  were  high  or  low,  widely  ranging  concentrations  of  bacterial  indicators  were 
recovered  from  different  sampling  sites,  while  physicochemical  data  remained  fairly 
constant.  However,  no  statistical  analysis  was  performed  to  confirm  these  observations. 
Point-source  pollution  from  residential  human  wastes  (e.g.,  “wildcat”  sewers)  would  be 
expected  to  be  fairly  consistent  in  volume  and  strength,  while  non-point  source  pollution 
would  be  expected  to  increase  in  volume  with  runoff  of  rainfall.  Therefore,  increased 
streamflow  would  be  expected  to  dilute  point-source  pollution  and  generally  reduce  the 
concentration  of  indicator  microorganisms,  while  increased  streamflow  from 
precipitation  would  be  expected  to  generally  increase  the  concentration  of  indicator 
microorganisms  from  animal  wastes  carried  by  rainfall  runoff.  The  lack  of  apparent 
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correlation  of  streamflow  data  and  microbiological  or  physicochemical  indicators 
suggests  that  pollution  sources  were  a  combination  of  point-  and  non-point. 

Conclusions 

Physicochemical  parameter  analyses  of  water  samples  yielded  results  within  expected 
ranges  for  natural  waters.  Physicochemical  analysis  results  suggested  that  the  Mackinaw 
River  maintains  the  physical  and  chemical  capacity  to  remediate  most  biodegradable 
organic  pollution  at  current  levels.  Fecal  coliform  concentrations  above  recommended 
levels  for  recreational  surface  waters  were  recovered  from  11  of  17  sites  tested.  Results 
of  bacterial  analyses  suggested  that  there  might  be  an  increased  risk  of  transmission  of 
infectious  disease  due  to  water  pollution  from  animal  waste  sources  in  the  Mackinaw 
River  in  those  areas  for  which  samples  indicated  fecal  coliform  levels  exceeding  2,000 
CFU/100  ml. 
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Table  1 :  Geographic  locations  of  sampling  sites  on  the  Mackinaw  River  shown  in  Figure 
1  (adjacent  to  bridges).  Note:  names  of  townships  or  cities  are  used  only  for 
geographic  reference. 


Site 

#1: 

Site 

#2: 

Site 

#3: 

Site 

#4: 

Site 

#5: 

Site 

#6: 

Site 

#7: 

Site 

#8: 

Site 

#9: 

Site 

#10: 

Site 

#11: 

Site 

#12: 

Site 

#13: 

Site 

#14: 

Site 

#15: 

Site 

#16: 

Site 

#17: 

Sibley  Ditch  on  Route  47  (Ford  County  -  West  of  Sibley). 

Mackinaw  River  on  3700  East  (McLean  County  -  Southwest  of  Anchor). 
Mackinaw  River  on  1900  North  (McLean  County  -  South  of  Colfax). 

Mackinaw  River  on  3275  East  (McLean  County  -  West  of  Colfax). 

Mackinaw  tributary  on  1800  North  (McLean  County  -  East  of  Cooksville). 
Money  Creek  on  2000  North  (McLean  County  -  Northeast  of  Towanda). 
Mackinaw  River  on  Pine  Street  (McLean  County  -  South  of  Lexington). 

Turkey  Creek  on  Route  66  (McLean  County  -  North  of  Lexington). 

Turkey  Creek  on  2475  North  (McLean  County  -  Northwest  of  Lexington). 
Mackinaw  River  on  Gunner’s  Trace  Road  (McLean  County  -  Southwest  of 
Lexington). 

West  Branch  of  Panther  Creek  on  2700  East  (Woodford  County  -  South  of 
Minonk)  Note:  Minonk  township  is  not  in  the  Mackinaw  River  Watershed. 

West  Branch  of  Panther  Creek  on  County  Road  4  (Woodford  County  - 
Southeast  of  Roanoke). 

Mackinaw  River  on  Route  150  (Woodford  County  -  West  of  Congerville). 
Hudson  Creek  on  Route  51  (McLean  County  -  West  of  Hudson). 

Panther  Creek  on  Route  24  (Woodford  County  -  Southeast  of  Secor). 

Mackinaw  River  on  Interstate  39  (McLean  County  -  Northwest  of  Evergreen 
Lake). 

Mackinaw  River  on  Highway  29  (McLean  County  -  Northeast  of  Bloomington 
Lake). 


Table  2  -  Results  of  physicochemical  and  microbiological  analyses  of  Mackinaw  River  water  samples 
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(p  ±  g)  =  Mean  colony  forming  units  per  100  mililiters  (CFU/100  ml)  plus  or  minus  one  standard  deviation. 
(ND)  =  no  data  collected. 
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ASTRACT 

Romalea  guttata  (Houttuyn)  has  a  nine-month  egg  stage  in  nature.  We  cultured  eggs  in 
the  laboratory  at  22,  26,  30,  and  31.5°C.  At  low  temperatures,  hatching  was  earlier  (145 
days  at  22°C  vs.  213  days  at  30°C),  and  survivorship  was  higher  (41  hatchlings/pod  at 
22°C  vs.  0.0  at  31.5°C).  Rate  of  ventilation  and  flooding  of  the  egg  containers  did  not 
affect  hatching  rate.  These  results  show  that  R.  guttata  eggs  survive  best  at  cool 
temperatures,  and  also  suggest  a  simple  method  for  culturing  the  eggs  of  grasshoppers 
with  long  egg  diapause. 


INTRODUCTION 

Grasshoppers  lay  their  eggs  underground  in  pods  (Uvarov  1966;  1977;  Stauffer  and 
Whitman  1997).  In  many  species,  the  eggs  develop  quickly  and  hatch  in  only  a  few 
weeks.  In  contrast,  the  eggs  of  many  temperate  grasshopper  species  overwinter  in  the 
soil  for  up  to  nine  months  before  hatching  (Uvarov  1966;  1977).  During  this  period,  eggs 
can  be  influenced  by  temperature,  moisture,  and  oxygen  levels  (Uvarov  1966;  1977; 
Farrow  1975).  The  eggs  are  metabolically  active  as  the  embryos  develop,  but  oxygen 
consumption  falls  during  periods  when  the  embryos  enter  diapause.  Although  egg  dry 
weight  does  not  vary  greatly  during  development,  eggs  will  absorb  or  lose  water  as  soil 
moisture  levels  rise  or  fall  (Lebouvier  et  al.  1985).  For  some  species,  dramatic  changes 
in  soil  moisture  (such  as  an  intense  rainfall)  are  thought  to  trigger  hatching  in  nature 
(Whitman  and  Orsak  1985).  Temperature  also  influences  developmental  rates  and  may 
serve  as  a  stimulus  for  hatching  (Uvarov  1966;  1977).  Extreme  soil  temperatures  or  soil 
moistures  are  known  to  kill  grasshopper  eggs  (Uvarov  1966;  1977;  Ewer  1977). 

Numerous  studies  have  examined  the  effects  of  temperature  or  moisture  on  egg 
incubation  for  species  with  short  incubation  periods  (Uvarov  1966;  1977;  Hewitt  1985). 
Few  studies,  however,  have  examined  egg  incubation  in  species  with  long  egg  diapause, 
primarily  because  of  the  difficulty  in  maintaining  eggs  for  long  periods  (Henry,  1985; 
Willey  1985;  Whitman  1986).  In  this  paper,  we  report  the  effects  of  various  soil 
conditions  on  egg  survival  and  incubation  duration  in  Romalea  guttata  (Houttuyn),  a 
species  with  a  long  egg  incubation  period.  Our  results  provide  information  on  how  to 
culture  long-diapause  grasshopper  eggs. 
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The  eastern  lubber  grasshopper,  R.  guttata,  inhabits  swampy  to  upland  areas  throughout 
the  southeastern  United  States  (Rehn  and  Grant  1961).  Eggs  are  typically  laid  in  late 
summer  and  hatch  in  the  spring,  and  are  therefore  subjected  to  wide  variations  in 
temperature  and  moisture  levels.  To  lay,  R.  guttata  females  dig  into  the  ground  with  their 
ovipositor  valves  to  a  depth  of  about  6  cm.  They  then  deposit  up  to  70  eggs,  mixed  with 
a  foamy  secretion.  The  foam  hardens  and  forms  a  protective  covering  around  the  eggs,  as 
well  as  a  plug  at  the  top  of  the  hole  (Stauffer  and  Whitman  1997). 

MATERIALS  AND  METHODS 


Animals 

Romalea  guttata  (Houttuyn)  were  collected  near  Copeland,  FL  in  June  1996  and  brought 
to  Normal,  IL,  where  they  were  maintained  and  allowed  to  mate  in  the  laboratory  in  a  2 
m^  wire  screen  cage  equipped  with  two  150  W  incandescent  flood  lights  on  a  14:10  L:D 
photoperiod.  Grasshoppers  were  fed  Romaine  lettuce,  oatmeal,  and  carrot  and  onion 
greens. 

Oviposition 

Gravid  females  that  were  ready  to  lay  usually  performed  stereotypic  probing  behaviors 
with  the  ovipositor  valves  (Stauffer  and  Whitman  1997).  Such  females  were  allowed  to 
lay  into  clear  2000  ml  plastic  cups  filled  to  80%  capacity  with  fine  inorganic  sand  (99.9% 
silica)  at  4%  moisture  level  (=  4%  of  complete  soil  saturation  or  0.8  ml  water/100  g 
sand).  One  pod  was  laid  per  cup.  Cups  were  then  sealed  with  air-tight  lids  and  kept  at 
room  temperature  (22°C)  for  14  days  before  being  assigned  to  one  of  the  experiments 
below. 

Temperature  Experiment 

To  determine  the  effects  of  temperature  on  egg  development,  39  cups  were  divided  into 
four  treatment  groups  and  cultured  in  incubators  at  22,  26,  30,  or  31.5°C.  Each  sealed 
cup  contained  one  egg  pod,  and  was  opened  every  2  weeks  for  one  minute  to  allow  gas 
exchange.  Cups  were  kept  at  their  assigned  temperatures  for  270  days.  This  period  was 
considered  long  enough  to  allow  complete  hatching  in  those  pods  which  had  survived 
their  treatments  (most  pods  hatched  in  less  than  155  days). 

Ventilation  and  Flooding  Experiment 

To  determine  the  effects  of  periodic  ventilation  and  flooding  on  egg  hatch,  40  sealed  cups 
were  divided  into  four  treatment  groups  that  differed  in  the  frequency  of  ventilation  —  per 
week,  per  2  weeks,  per  month,  and  never  opened.  During  ventilation,  the  tight-fitting  lids 
were  removed  for  one  minute.  All  cups  were  maintained  for  14  days  at  room 
temperature,  then  for  96  days,  in  an  incubator  at  22°C,  during  which  no  additional  water 
was  added  to  the  cups.  When  cups  were  110  days  old,  one  half  of  each  treatment  was 
flooded;  this  procedure  was  designed  to  simulate  an  intense  rainfall.  For  flooding,  five 
cups  in  each  treatment  were  opened  and  filled  to  the  surface  with  deionized  water,  which 
was  allowed  to  drain  out  over  a  period  of  two  days  through  small  holes  punched  in  the 
bottom  of  the  cups.  These  “flooded”  cups  were  given  screen  lids  and  placed  on  a 
laboratory  table  at  room  temperature  (21-25°C).  For  all  cups,  we  recorded  the  number  of 
hatchlings/day.  The  non-flooded  cups  remained  in  the  incubator  at  22°C. 
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RESULTS 


Temperature  Experiment 

Temperature  influenced  egg  survivorship  and  length  of  the  egg  stage  (Table  1). 
Significantly  more  pods  hatched  at  lower  temperatures  than  at  high  temperatures  (G-test, 
p<0.001,  G=29.78,  df=3),  and  significantly  more  young  hatched  per  pod  at  lower 
temperatures  (Kruskal-Wallis  Test,  p<0.01;  x^=20.8).  At  31.5°C  no  pods  hatched. 
Hatching  was  earlier  at  lower  temperatures  (Kruskal-Wallis  Test,  p<0.001). 

Ventilation  and  Flooding  Experiment 

Ventilation  rate  and  early  flooding  did  not  affect  the  number  of  pods  hatching,  nor  the 
number  of  hatchlings  per  pod  (ANOVA,  p<0.05)  (Table  2).  This  suggests  that  R.  guttata 
eggs  can  be  successfully  cultured  at  22°C  in  cups  that  are  not  ventilated,  and  that  a 
flooding  episode  late  in  egg  development  is  not  required  to  elicit  hatching.  However, 
both  ventilation  rate  and  flooding  significantly  influenced  the  egg  incubation  period 
(ANOVA,  p<0.05),  with  flooded  eggs  and  ventilated  eggs  hatching  a  few  days  later  on 
average  than  unflooded  eggs  or  eggs  that  were  never  ventilated. 

DISCUSSION 

Our  results  show  that  high  temperatures  negatively  influence  the  eggs  of  Romalea 
guttata;  egg  survival  decreased  and  incubation  periods  increased  as  temperatures 
increased.  Willey  (1985)  also  noted  that  higher  egg  incubation  temperatures  increased 
egg  mortality  and  did  not  shorten  egg  incubation  periods.  This  is  in  direct  contrast  to 
most  larval  insects  in  which  higher  temperatures  generally  speed  development  (Chapman 
1971).  These  data  also  suggest  a  fundamental  difference  in  the  optimal  environmental 
temperature  for  grasshopper  eggs  V5.  larvae.  Larvae  and  adults  of  most  grasshopper 
species  prefer,  and  perform  best,  at  temperatures  between  26  and  36°C  (Gardiner  1985; 
Willey  1985;  Whitman  1987;  Chappell  and  Whitman  1990).  In  contrast,  the  eggs  of  R. 
guttata  appear  to  perform  best  at  temperatures  below  26°C.  In  other  words,  R.  guttata 
eggs  appear  to  be  adapted  to  temperatures  characteristic  of  the  relatively  cool  soil 
environment  in  which  the  eggs  are  found. 

The  ventilation  experiment  shows  that  a  lack  of  ventilation  does  not  harm  the  developing 
embryos.  Either  enough  oxygen  must  exist  in  the  closed  containers  or  sufficient  oxygen 
enters  through  the  sealed  lids  to  allow  ample  growth  and  development  for  the  140-150 
days  necessary  for  hatching.  In  fact,  the  unopened  treatment  groups  actually  had  the 
highest  mean  number  of  hatchlings  and  the  shortest  average  incubation  period.  The 
results  also  show  that  R.  guttata  eggs  do  not  require  a  flooding  late  in  their  development 
to  elicit  hatching,  as  do  some  other  grasshopper  species  (Uvarov  1977;  Whitman  and 
Orsak  1985). 

These  results  are  useful  because  they  suggest  that  the  eggs  of  some  grasshopper  species 
with  long  egg  diapause  can  be  easily  cultured  in  the  laboratory  using  the  described 
methods,  which  are  simple,  efficient,  inexpensive,  and  highly  amenable  to  experimental 
manipulation. 
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Table  1.  Number  of  eggs  hatching  and  duration  of  incubation  for  Romalea  guttata  eggs 
cultured  at  different  temperatures. 


Culture 

Temperature 

(°C) 

Pods 

Tested 

Pods 

Hatched 

Hatchlings 
per  viable  pod 
(x±SE) 

Hatchlings 
per  all  pods 
(X  ±SE) 

Median 
time  to 
hatch  (d) 

22 

10 

10 

40.8  ±  5.0 

40.8  ±  5.0 

144.5 

26 

9 

8 

15.6  ±5.3 

13.9  ±5.0 

152.5 

30 

10 

3 

35.7  ±4.1 

10.7  ±5.6 

213.0 

31.5 

10 

0 

0 

0 

Table  2.  Number  of  eggs  hatching  and  duration  of  incubation  for  Romalea  guttata  eggs 
subjected  to  different  ventilation  and  flooding  rates. 


Flooded 

VentilationFrequency 

Pods 

Tested 

Pods 

Hatched 

Hatchlings  per 
pod  ( X  ±  SE) 

Median  time 
to  hatch  (d) 

+ 

per  week 

5 

5 

30.6  ±  9.08 

146 

+ 

per  2  weeks 

5 

5 

44.4  ±  9.97 

143 

+ 

per  4  weeks 

5 

5 

41.0  ±9.97 

143 

+ 

never 

5 

5 

43.4  ±  1.16 

142 

- 

per  week 

5 

5 

37.2  ±7.07 

143 

- 

per  2  weeks 

5 

5 

42.0  ±  0.72 

140 

- 

per  4  weeks 

5 

5 

34.6  ±  9.88 

145 

never 

5 

5 

49.6  ±3.98 

139 
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ABSTRACT 

We  studied  the  effects  of  nest  box  visibility  and  clustering  on  the  frequency  of 
intraspecific  brood  parasitism  (IBP)  in  wood  ducks  (Aix  sponsd)  at  Lake  Shelbyville  Fish 
and  Wildlife  Area  (LSFWA)  in  Moultrie  County,  IL  from  2  March  -  22  June  1992. 
Sixty-eight  percent  of  the  68  nest  boxes  were  used,  and  IBP  was  documented  in_54%  of 
the  active  wood  duck  nests.  Mean  clutch  size  of  par^itized  nests  was  greater  {X  =  15.3 
eggs,  SE  =  1.10,  n  =  21)  than  unparasitized  nests  {X  =9.2  eggs,  SE  =  0.59,  n  =  18). 
Neither  nest  box  visibility  nor  clustering  significantly  affected  the  rate  of  IBP.  However, 
more  visible  boxes  tended  to  be  parasitized  at  a  higher  rate  than  less  visible  boxes.  Eggs 
in  unparasitized  nests  were  more  likely  to  hatch  (91%)  than  those  in  parasitized  nests 
(73%).  A  clutch  size  criterion  of  >11  eggs  gave  the  best  estimate  of  the  percentage  of 
parasitized  nests  (49%  a  5%  underestimate),  and  correctly  classified  77%  of  the  nests. 

INTRODUCTION 

Nest  box  programs  for  wood  ducks  often  encourage  artificial  conditions  such  as  clumped 
dispersion,  high  visibility,  and  high  densities  of  nest  sites  (Haramis  1990).  Such 
conditions  can  increase  nest  predation  rates  (Bellrose  et  al.  1964,  Leopold  1951,  Haramis 
and  Thompson  1985)  and  increase  intraspecific  strife  between  female  wood  ducks 
leading  to  an  increased  frequency  of  nest  abandonment  (Bellrose  and  Holm  1994, 
Haramis  and  Thompson  1985,  Clawson  1975,  Jones  and  Leopold  1967).  In  addition, 
decreased  hatchability  of  eggs  can  result  from  ineffective  incubation  of  large  clutches  due 
to  high  levels  of  intraspecific  brood  parasitism  (IBP)  (Semel  et  al.  1988). 

An  estimated  100,000  nest  boxes  have  been  erected  to  enhance  wood  duck  production  in 
North  America  and  these  boxes  annually  contribute  approximately  150,000  young  to  the 
fall  population  east  of  the  Great  Plains  (Bellrose  1990).  However,  many  nest  box 
programs  were  established  using  management  recommendations  that  create  semicolonial 
nesting  conditions  (Bellrose  et  al.  1964)  which  may  negatively  influence  nesting  wood 
ducks  (Semel  and  Sherman  1986).  Semel  et  al.  (1988)  investigated  the  effects  of  nest 
box  placement  on  the  rate  of  brood  parasitism  in  wood  ducks  and  found  highly  visible 
and  clumped  nest  boxes  have  increased  IBP  rates.  This  prompted  us  to  assess  a  nest  box 
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program  at  LSFWA  for  the  effects  of  nest  box  visibility  and  clustering  on  the  rate  of  IBP. 
We  also  determined  the  optimum  clutch-size  criterion,  as  investigated  by  Semel  and 
Sherman  (1992),  to  ascertain  IBP. 

STUDY  AREA  AND  METHODS 

This  study  was  conducted  at  LSFWA  which  consists  of  2  management  units;  the  1093  ha 
West  Okaw  Unit  located  1.9  km  southeast  of  Bethany  and  the  1497-ha  Kaskaskia  Unit 
located  2.5  km  southeast  of  Sullivan.  Overall,  LSFWA  consists  of  1234  ha  of  shrub 
habitat,  809  ha  of  woodlands,  and  526  ha  of  cropland  (P.  Brewer,  Ill.  Dept.  Nat.  Resour., 
pers.  commun.).  Approximately  125  nest  boxes  have  been  erected  since  1974  to  facilitate 
wood  duck  nesting.  Both  areas  are  managed  by  the  Illinois  Department  of  Natural 
Resources  in  conjunction  with  the  U.S.  Army  Corps  of  Engineers. 

Nest  Box  Monitoring 

Fifty-three  nest  boxes  were  checked  between  0900  and  1330  hours  every  other  day 
(Breckenridge  1956)  from  2  March  to  22  June  1992.  On  10  April,  we  began  checking  an 
additional  15  boxes  for  a  total  of  68  boxes.  Nest  boxes  consisted  of  56  metal,  nine  plastic 
(Ducks  Unlimited),  and  three  wooden.  Boxes  were  checked  by  inserting  a  mirror  into  the 
entrance  and  reflecting  light  from  a  flashlight  into  the  nest  box.  This  procedure  allowed 
detection  of  a  female  on  the  nest  with  minimal  disturbance.  All  eggs  were  uniquely 
marked  with  a  permanent  marker  while  the  hen  was  absent.  Once  incubation  began, 
boxes  were  not  checked  again  until  two  to  three  days  after  hatching  to  evaluate  the 
number  of  eggs  hatched  (based  on  the  number  of  membranes,  caps,  and  dead  ducklings; 
Semel  et  al.  1988).  We  considered  nests  that  acquired  <  1  egg/day  to  be  unparasitized 
and  those  nests  gaining  >  2  eggs/day  to  be  parasitized.  The  presence  of  non-term 
embryos  after  hatching  also  indicated  a  parasitized  nest.  Drop  nests  were  defined  as  nests 
with  1-6  eggs  that  were  not  covered  or  incubated  (Morse  and  Wight  1969).  These  nest 
were  eliminated  from  further  data  analysis.  Successful  nests  were  defined  as  those  in 
which  at  least  one  egg  hatched.  Hatchability  was  defined  as  the  total  number  of 
ducklings  leaving  the  nest  divided  by  the  total  number  of  eggs  laid  (Semel  et  al.  1988). 

Nest  Box  Characteristics  and  Data  Analysis 

Nest  box  visibility  was  determined  prior  to  the  budding  of  trees  (6  March  1992)  to 
approximate  the  time  when  most  female  wood  ducks  select  nest  sites.  Visibility  readings 
were  taken  at  30,  40,  and  50  meters  from  (1)  the  front  of  the  box,  (2)  both  sides  of  the 
box,  and  (3)  the  direction  of  the  nearest  body  of  water  (the  presumed  flyway  for  females 
searching  for  nest  sites).  Box  visibility  was  estimated  using  the  following  classification 
scheme:  0  =  box  completely  visible,  1  =  less  than  half  of  box  visibly  obstructed,  and  2  = 
greater  than  half  of  the  box  obstructed,  and  3  =  completely  hidden  nest  box. 

Distances  were  measured  between  each  nest  box  used  by  a  hen  wood  duck  and  (1)  the 
nearest  nest  box  used  by  another  wood  duck,  (2)  the  nearest  parasitized  nest  box,  (3)  the 
nearest  nest  box  (whether  used  or  not),  and  (4)  the  nearest  body  of  water. 

Parasitized  and  unparasitized  nests  were  compared  to  clutch  sizes  of  >10  to  >15  eggs/nest 
to  determine  which  clutch  size  criterion  most  closely  estimated  the  observed  IBP  rate 
based  on  the  rate  of  egg  deposition.  Mann-Whitney  U-tests,  Analysis  of  Variance,  and 


Student's  t-tests  were  performed  using  the  Statistical  Analysis  System  (SAS  Inst.  Inc. 
1988). 


RESULTS 


Nest  Box  Use  and  Egg  Hatchability 

A  total  of  46  (68%)  wood  duck  nests  were  initiated  from  the  68  boxes  that  were 
monitored.  Three  nests  were  deleted  because  they  were  drop  nests  and  four  others  were 
deleted  because  of  incomplete  laying  chronologies;  thus,  thirty-nine  of  these  46  nests 
were  used  in  subsequent  data  analysis.  Twenty-one  nests >(54%)  were  parasitized  and  18 
(46%)  were  unparasitized.  Hatchability  was  greater  (X^  =  11.9,  df  =  1,  P  <  0.01)  for  eggs 
in  unparasitized  nests  (91%)  than  for  parasitized  nests  (73%)  (Table  1).  The  average 
clutch  size  in  parasitized  nests  (x  =  15.3,  SE  =  1.10,  n  =  21)  was  greater  (t  =  3.39,  df  = 
37,  P  <  0.01)  than  that  of  unparasitized  nests  ( x  =  9.2,  SE  =  0.59,  n  =  18). 

Nest  Box  Visibility  and  Clustering 

Visibility  indices  from  the  nearest  body  of  water  comparing  parasitized  and  unparasitized 
nests  were  not  significant  (Mann-Whitney  U-tests,  P  >  0.10  for  all  tests).  However,  the 
mean  visibility  index  at  40  meters  for  unparasitized  nests  ( x  =  1.2)  was  twice  that  for 
parasitized  nests  ( x  =  0.6,  P  =  0.10),  suggesting  that  more  visible  boxes  were  more  likely 
to  be  parasitized.  Visibility  variables  from  the  fronts  of  the  boxes  had  less  relationship  to 
the  rate  of  nest  parasitism  (Mann-Whitney  U-tests,  P  >  0.25  for  all  tests). 

Distances  to  the  nearest  box,  nearest  used  box,  nearest  parasitized  box,  and  to  the  nearest 
body  of  water  all  had  no  significant  effect  on  the  rate  of  nest  parasitism  (Mann-Whitney 
U-tests,  P  >  0.16  for  all  tests).  In  fact  mean  interbox  distances  for  parasitized  nests  were 
actually  greater  than  those  for  unparasitized  boxes  (Jansen  1993). 

Clutch  Size  Criterion 

Thirty-nine  of  46  nests  were  used  in  determining  a  clutch  size  criterion  useful  for 
distinguishing  parasitized  from  unparasitized  nests.  Seventeen  (81%)  of  the  21 
parasitized  nests  acquired  no  more  than  2  eggs/day  with  a  mean  clutch  size  of  14.8  eggs 
(SE  =  3.57).  Four  (19%)  parasitized  nests  gained  a  maximum  of  3  eggs/day  and  had  a 
mean  clutch  size  of  17.5  eggs  (SE  =  5.80).  The  observed  parasitism  rate  in  our  study  was 
54%.  Using  clutch  size  criteria  similar  to  Semel  and  Sherman  (1992),  we  estimated 
parasitism  rates  of  62%  using  >10  eggs  as  the  cut-off  for  IBP,  49%  for  >11  eggs,  44% 
for  >12  eggs,  38%  for  >13  eggs,  33%  for  >14  eggs  and  23%  using  >15  eggs.  Thus,  all 
clutch  sizes,  except  >10  eggs,  underestimated  the  observed  parasitism  rate.  However, 
>11  eggs  most  closely  estimated  the  parasitism  rate  determined  by  nest  checks. 

DISCUSSION 


Current  Status  of  Nesting 

Typically,  the  incidence  of  IBP  increases  as  the  population  density  of  wood  ducks 
increases,  leading  to  a  decrease  in  egg  hatchability  (Haramis  and  Thompson  1985,  Semel 
et  al.  1988).  For  example,  Haramis  and  Thompson  (1985)  had  a  parasitism  rate  of  only 
14%  and  nesting  efficiency  (ducklings  exiting  nests/total  eggs  laid)  of  79%  for  wood 
ducks  in  a  greentree  impoundment  when  only  44%  of  the  boxes  were  being  used.  Such 
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low  parasitism  rates  and  high  hatchabilities  are  indicative  of  low  population  densities. 
However,  four  years  after  nest  boxes  were  erected  the  parasitism  rate  increased  to  65%, 
nesting  efficiency  decreased  to  22%,  and  box  occupancy  increased  to  94%  (Haramis  and 
Thompson  1985).  Data  from  our  study  support  this  general  pattern  of  relatively  low 
wood  duck  densities  (68%  box  usage)  coupled  with  high  hatchability  of  eggs  (79%).  We 
can  not  explain  why  occupancy  rates  have  remained  low  at  our  study  site.  Perhaps  nest 
predation  may  keep  wood  duck  densities  low  although  our  predation  rates  were  similar  to 
those  found  by  Miller  (1952).  Bellrose  and  Holm  (1994)  indicate  a  greater  proportion  of 
wood  ducks  in  a  local  breeding  population  may  nest  in  natural  cavities  and  only  a  few  in 
boxes.  The  low  occupancy  rate  may  be  the  result  of  sufficient  natural  cavities,  however, 
natural  cavity  density  is  unknown  at  LSFWA. 

Visibility 

Our  results  are  somewhat  consistent  with  others  who  have  found  that  well  hidden  nest 
boxes  experience  less  IBP  than  highly  visible  boxes.  Studies  by  Keran  (1978)  and  Lacki 
et  al.  (1987)  have  cited  the  importance  of  nest  box  placement  near  water  to  maximize  use 
by  wood  ducks.  Other  studies  (Robinson  1958,  Morse  et  al.  1969,  Semel  and  Sherman 
1986,  and  Semel  et  al.  1988)  have  revealed  that  highly  visible  nest  boxes  over  water  have 
higher  IBP  and  larger  clutches  than  less  visible  boxes.  Parasitism  may  be  prevalent  in 
more  visible  boxes  because  of  the  ease  with  which  the  nest  box  is  found  by  female  wood 
ducks.  McLaughlin  and  Grice  (1952)  also  found  that  visible  nest  boxes  located  over 
water  had  mean  clutch  sizes  of  13.1,  whereas,  nest  boxes  located  over  land  had  a  mean 
clutch  size  of  10.6.  However,  the  frequency  of  brood  parasitism  was  only  having  a  minor 
negative  effect  on  the  nest  box  program  at  LSFWA  despite  its  long-term  history. 
Parasitized  nests  were  actually  hatching  more  eggs  (11.1)  than  unparasitized  nests  (8.4). 
Consequently,  decreasing  the  visibility  of  nest  boxes  at  LSFWA  probably  would  not 
substantially  improve  recruitment  of  wood  ducks. 

Clustering 

Studies  on  eastern  bluebirds  (Sailia  sailis,  Gowaty  and  Bridges  1991),  house  wrens 
{Troglodytes  aedon,  Price  et  al.  1989),  and  wood  ducks  (Semel  and  Sherman  1986,  Semel 
et  al.  1988)  concluded  that  nest  box  clustering  was  positively  correlated  with  IBP.  The 
study  by  Semel  et  al.  (1988)  had  nest  boxes  mounted  back  to  back  on  the  same  pole 
which  created  the  closest  possible  nest  proximity.  Our  study  indicated  parasitized  nest 
were  actually  more  isolated  (51-75  meters)  from  other  nest  boxes  than  unparasitized  nests 
(26-50  meters).  Thus,  nest  proximity  may  not  be  an  important  correlate  of  IBP  for  wood 
ducks  until  boxes  become  highly  clustered  and/or  wood  duck  densities  increase. 

Clutch  Size  Criterion 

Our  results  are  similar  to  the  findings  of  Semel  and  Sherman  (1992)  in  which  they 
suggested  that  >12  eggs  most  accurately  estimated  the  true  parasitism  rate.  Since  most 
wood  duck  studies  have  used  clutch  sizes  of  16  or  more  eggs  to  infer  IBP  (Semel  and 
Sherman  1992),  our  results  as  well  as  Semel  and  Sherman's  (1992)  suggest  that  rates  of 
IBP  have  been  grossly  underestimated. 
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Table  1 .  Summary  of  wood  duck  nesting  in  boxes  (n=68)  at  Lake  Shelbyville  Fish  and 
Wildlife  Area  (Moultrie  County,  IL)  in  1992. 


Unparasitized 

Parasitized 

Total 

Boxes  used^  (%) 

18(26) 

21(31) 

46'’(68) 

Mean  clutch  size 

9.2 

15.3 

12.6 

Hatchability  of  successful  nests^  (%) 

%  91% 

'%i  73% 

217/, 73  79% 

Depredated  nest  (%) 

7(39) 

6(29) 

13(33) 

Abandoned  nests  (%) 

1(6) 

4(19) 

5(13) 

^  Nest  box  use  defined  as  the  presence  of  at  least  one  wood  duck  egg  (Morse  and  Wight 
1969). 

^  Includes  7  nests  which  were  eliminated  from  the  data  analysis. 

^  Successful  nests  defined  as  those  nests  in  which  at  least  one  wood  duck  egg  hatched 
(Semel  et  al.  1988). 
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ABSTRACT 

I  quantified  landscape  composition  and  pattern  throughout  Illinois  from  classified 
satellite  imagery  and  compared  them  to  abundance  indexes  of  the  eastern  cottontail 
(Sylvilagus  floridanus).  Rabbits  were  most  abundant  in  diverse,  patchy  landscapes  that 
contained  moderate  amounts  of  row  crops  and  grassland,  and  abundant  woody  edge. 
These  findings  were  incorporated  into  a  PATREC  habitat  model  to  identify  and  map 
Illinois  landscapes  potentially  suitable  for  cottontails.  Such  landscapes  were  primarily 
associated  with  poorer  quality  soils  and/or  areas  too  hilly  for  extensive  row  cropping. 

Key  Words:  Cottontail,  habitat,  habitat  model,  Illinois,  landscape,  rabbit,  remote  sensing, 
satellite  imagery,  Sylvilagus  floridanus 


INTRODUCTION 

The  cottontail  is  a  habitat  generalist  that  favors  disturbed,  successional,  and  transitional 
vegetative  communities  (Chapman  et  al.  1982).  Such  habitats  have  become  progressively 
less  common  in  Illinois  resulting  in  substantial  declines  in  rabbit  abundance  over  the  past 
30-40  years  (Kenney  1985,  Warner  and  Onstad  1994).  To  address  these  problems  at  a 
regional  or  statewide  level,  wildlife  managers  require  the  ability  to  inventory,  analyze, 
and  interpret  habitat  at  various  spatial  scales  and  resolutions  (Flather  et  al.  1992). 
Classified  satellite  imagery  coupled  with  powerful  computer  systems  now  provide 
resource  managers  with  the  means  to  assess  landscape  composition  and  pattern  over  large 
geographic  areas  (Roseberry  and  Hao  1996).  Questions  remain,  however,  as  to  whether 
the  distribution  and  abundance  of  rabbits  are  correlated  with  landscape  characteristics 
and,  if  so,  can  these  characteristics  be  discerned  from  satellite  imagery.  Habitat 
preferences  of  eastern  cottontails  at  the  microlevel  have  been  well  documented  (Swihart 
and  Yahner  1984,  Medve  1987,  Boyd  and  Henry  1991,  Althoff  et  al.  1997),  but  less  is 
known  about  macrolevel  preferences  except  that  diversity  and  interspersion  are  important 
(Uhlig  and  Anderson  1959).  I  investigated  relationships  between  cottontail  abundance 
and  landscape  characteristics  through  the  integrated  use  of  remote  sensing,  geographic 
information  systems  (CIS),  and  habitat  modeling.  Specific  study  objectives  were  1)  to 
investigate  the  relationships  between  landscape  structure  (composition  and  pattern)  and 
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cottontail  abundance  in  Illinois,  and  2)  to  incorporate  the  findings  into  a  habitat  model  to 
inventory  Illinois  landscapes  potentially  suitable  for  rabbits. 

STUDY  AREA  AND  METHODS 

I  examined  cottontail-landscape  relations  at  2  spatial  scales.  Individual  Illinois  counties 
(n  =  102)  represented  large  scale  study  areas  (430  -  2,965  km^).  Small-scale  study  areas 
(76  -  111  km^)  were  3-km  wide  buffer  zones  around  32-km  census  routes  established 
throughout  the  state  (n  =  81). 

Population  Data 

I  used  hunter  harvest  density  estimates  (mean  harvest/km^,  1989-93)  as  an  index  of 
cottontail  abundance  at  the  county  level.  These  estimates  are  obtained  annually  by  the 
Illinois  Department  of  Natural  Resources  (IDNR)  from  post-season  questionnaires  mailed 
to  a  random  sample  of  about  4,700  resident  hunting  license  holders  (Anderson  et  al. 
1995).  I  used  harvest  density  rather  than  harvest  per  effort  because  the  former  is  a 
function  of  cottontail  abundance  and  hunter  effort;  both  of  which  are  related  to  amount  of 
available  habitat.  In  addition,  harvest/effort  may  be  biased  in  counties  with  little  habitat 
because  of  small  sample  sizes,  and  because  effort  tends  to  be  concentrated  in  the  limited 
habitat  that  does  exist  (Roseberry  and  Sudkamp  1998).  Census  route  population  data 
represented  mean  (1986-89)  numbers  of  cottontails  observed  by  IDNR  biologists  during 
roadside  counts  conducted  in  March  along  81  32-km  transects  distributed  throughout  the 
state. 

Landscape  Data 

Digital  land  cover  data  were  derived  from  the  Illinois  Landcover  Database  (Illinois 
Department  of  Natural  Resources  1996<2).  This  database  contained  a  land  cover 
classification  based  on  spectral  interpretation  of  1991-1995  Landsat  TM  satellite  imagery 
and  existing  GIS  data  layers,  with  overall  accuracy  estimated  at  over  85%  (Illinois 
Department  of  Natural  Resources  1996^).  I  combined  several  of  the  23  original  land 
cover/land  use  classes  (Table  1)  while  retaining  the  original  spatial  resolution  of  28.5  x 
28.5  m  (0.08  ha). 

Buffer  zones  within  1.5  km  of  each  IDNR  census  route  were  delineated  and  extracted 
using  the  GIS  software  TNTmips  (Map  and  Image  Processing  System,  Microimages, 
Lincoln  NE).  Landscape  composition  and  pattern  for  each  county  and  route  buffer  were 
quantified  with  the  spatial  analysis  program  FRAGSTATS  (McGarigal  and  Marks  1995). 
Additional  county-level  data  included  a  basic  soil  productivity  index  (Mausel  et  al.  1975) 
and  the  proportion  of  area  with  slope  of  <8,  8-18,  and  >18%  slope  (Runge  et  al.  1969). 

Habitat  Model  Development  and  Application 

I  quantified  landscape  suitability  for  cottontails  with  a  pattern  recognition  (PATREC) 
model.  This  approach  uses  Bayes’  theorem  of  conditional  probability  (Williams  et  al. 
1978,  Morrison  et  al.  1992)  to  assess  habitat  suitability  based  on  probabilities  that  a 
particular  habitat  condition  (e.g.,  suitable,  unsuitable)  is  consistent  with  a  set  of  observed 
environmental  attributes  (e.g.,  landscape  characteristics).  Model  variables  (Table  2)  were 
selected  from  visual  examination  of  plots  of  individual  landscape  metrics  vs.  county 
harvest  densities  .  Only  variables  that  were  theoretically  meaningful,  predictive,  and 
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consistent  with  the  resolution  and  accuracy  of  the  land-cover  data  were  selected. 
Conditional  probabilities  and  category  ranges  (Table  2)  were  based  on  observed 
frequencies  of  the  data  plots  (Fig  1;  after  Haithcoat  and  Hallett  1987). 

Landscape  conditions  within  each  county  and  route  were  assessed  with  a  moving  window 
(after  Roseberry  and  Sudkamp  1998).  Landscape  metrics  were  generated  and  PATREC 
probabilities  computed  for  overlapping  2.6-km^  circles;  probabilities  were  mapped  at  a 
resolution  of  85.5  x  85.5  m  (0.73  ha).  The  proportion  of  each  county  and  route  with 
PATREC  probabilities  of  <0.15,  0.15-0.39,  0.40-0.59,  0.60-0.84,  and  >0.85  was  then 
calculated.  A  final  landscape  suitability  index  (LSI)  was  derived  by  systematically 
combining  the  probability  classes  to  best  fit  the  regression:  log(rabbit  density  index  -i-  1) 
=  a  +  ^(LSI).  The  resulting  index  was: 

LSI  =  iPs5  +  Peo)  -  Pi5>  with 

Pgs  =  proportion  of  area  with  PATREC  value  >0.85, 

P^Q  =  proportion  of  area  with  PATREC  value  0.60  -  0.84,  and 
P;5  =  proportion  of  area  with  PATREC  value  <0.15 

RESULTS 

Landscape  Structure  and  Cottontail  Abundance 

Cottontail  abundance  in  Illinois  appeared  to  be  associated  with  at  least  4  landscape 
variables:  proportion  of  row  crops,  proportion  of  grassland,  woody  edge  density,  and 
landscape  contagion.  County-level  harvest  densities  tended  to  be  highest  in  counties  with 
30  -  60%  row  crops,  15  -  30%  grassland,  >30m/ha  of  woody  edge,  and  contagion  <65%. 
(Fig.  1). 

Model  Validation 

I  compared  model  output  with  county-level  harvest  densities  and  census  route  counts 
(Fig.  2).  The  latter  comparison  represented  true  model  validation;  the  former  did  not. 
Although  it  was  developed  exclusively  from  county-level  data,  the  model  performed 
similarly  with  both  data  sets.  Virtually  all  areas  with  low  LSI  values  had  low  rabbit 
populations,  whereas  areas  with  high  LSI  values  were  about  equally  likely  to  have  high 
or  low  rabbit  densities  (Table  3  and  4). 

Distribution  of  Potentially  Suitable  Landscapes 

Landscapes  potentially  suitable  for  cottontails  tended  to  be  located  in  southcentral  and 
westcentral  Illinois,  whereas  the  intensively  farmed  eastcentral  portion  of  the  state  was 
generally  devoid  of  such  areas  (Fig  3).  The  relative  amount  of  each  county  considered 
unsuitable  for  rabbits  (P15)  was  positively  correlated  with  soil  productivity  (r  =  0.85,  P  < 
0.001)  and  proportion  of  area  with  slope  <8%  (r  =  0.68,  P  <  0.001).  Collectively,  these  2 
variables  accounted  for  77%  of  the  variation  in  distribution  of  potential  rabbit  habitat  at 
the  county  level  =  0.77,  P  <  0.001). 

DISCUSSION 

Similar  to  northern  bobwhite  (Colinus  virginianus\  Roseberry  and  Sudkamp  1998), 
cottontails  in  Illinois  were  found  primarily  in  heterogeneous,  patchy  landscapes  with 
moderate  amounts  of  row  crops  and  grassland  and  abundant  woody  edge.  A  notable 


170 


characteristic  of  these  landscapes  is  low  contagion.  According  to  Uhlig  and  Anderson 
(1959),  cottontails  thrive  in  areas  where  “  .  .  .  cropland,  grassland  and  woodland  are  about 
equally  represented  and  well  distributed.”  The  contagion  metric  is  indicative  of  such 
landscapes  as  it  reflects  both  evenness  and  interspersion  of  land-cover  types  (McGarigal 
and  Marks  1995). 

Another  characteristic  of  Illinois  landscapes  occupied  by  cottontails  is  abundant  woody 
edge.  Affinity  of  rabbits  for  woody  vegetation,  especially  in  autumn  and  winter  is  well 
established  (Hanson  et  al.  1969,  Swihart  and  Yahner  1984).  Lord  (1963)  found  no 
relationship  between  county-level  rabbit  abundance  in  Illinois  and  the  proportion  of 
county  wooded,  although  he  suggested  that  some  type  of  relationship  between  rabbits  and 
wooded  areas  probably  existed.  My  data  confirm  Lord’s  earlier  findings  and  supposition. 
County-level  harvest  densities  were  not  correlated  with  gross  amount  of  woodlands  (P  > 
0.10),  but  were  slightly  correlated  with  amount  of  woody  edge  (r  =  0.26,  P  <  0.01). 

In  addition  to  low  contagion  and  abundant  woody  edge,  rabbit  harvest  densities  tended  to 
be  highest  in  counties  with  moderate  (30  -  60%)  amounts  of  row  crops.  This  does  not 
necessarily  mean,  however,  that  row  crops  are  an  essential  component  of  cottontail 
habitat.  Although  Klimstra  and  Corder  (1957)  found  that  corn  and  soybeans  were 
common  dietary  items  of  cottontails  in  southern  Illinois,  and  Mankin  (1993)  noted 
seasonal  use  of  crop  fields  in  eastcentral  Illinois,  Althoff  et  al.  (1997)  reported  that  radio- 
marked  rabbits  in  Pennsylvania  tended  to  avoid  croplands,  and  intensified  row  cropping 
in  Illinois  has  been  linked  to  regional  and  statewide  declines  in  rabbit  abundance 
(Havera  1973,  Vance  1976,  Edwards  et  al.  1981).  Rather  than  constituting  an  essential 
habitat  component  perse,  it  is  more  likely  that  row  crops  are  indicative  of  other 
landscape  characteristics.  Illinois  counties  >60%  row-cropped  probably  afford  too  little 
grassy,  shrubby,  and  woody  cover,  whereas  counties  <30%  row-  cropped  are  likely  to  be 
too  heavily  wooded  for  rabbits. 

In  contrast  to  row  crops,  grasslands  and  other  herbaceous  vegetation  are  necessary 
components  of  rabbit  habitat.  According  to  Chapman  et  al.  (1982:111),  “The  essential 
ingredients  of  good  cottontail  habitat  appear  to  be  an  abundance  of  well-distributed 
escape  cover  interspersed  within  a  grassland-type  community  with  an  abundance  of 
weedy  forbs.”  Why  then  did  the  model  suggest  that  intermediate  (15  -  30%),  rather  than 
predominant,  amounts  of  grassland  were  preferable?  First  of  all,  my  study  did  not 
identify  habitat  preference  based  on  use  vs  availability  in  the  classic  sense;  rather,  it 
simply  compared  current  abundance  to  existing  landscape  conditions.  In  addition,  much 
of  the  remaining  grassland  in  Illinois  is  now  generally  unsuitable  for  cottontails. 
Chapman  et  al.  (1982:104)  described  the  ideal  Midwestern  grassland  situation  as:  “.  .  . 
old,  weedy,  moderately  grazed,  unimproved,  native  grassland  pasture  containing 
numerous  dense  clumps  of  thorny  shrubs  and  small  trees.”  Present  day  grasslands  tend  to 
be  monocultures  dominated  by  tall  fescue  {Festuca  arundinacea)  and  present  vastly 
different  conditions  then  those  described  above. 

Landscape  suitability,  as  measured  from  satellite  imagery,  was  not  a  perfect  predictor  of 
relative  cottontail  abundance  in  Illinois.  Although  rabbits  were  rarely,  if  ever,  abundant 
in  unsuitable  landscapes,  about  equal  proportions  of  the  apparently  suitable  landscapes 
had  high  and  low  rabbit  densities.  The  latter  situation  may  reflect  a  need  for  proper 
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habitat  conditions  at  both  landscape  (macro)  and  site  (micro)  level,  and  the  fact  that 
satellite  imagery  cannot  detect  the  presence  or  absence  of  critical  site  conditions  such  as 
brush  piles,  briar  patches,  and  narrow  strip  cover  (Sudkamp  1997).  Low  rabbit  densities 
in  unsuitable  landscapes  may  reflect  a  general  lack  of  desirable  site  conditions  as  well  as 
their  fragmented  distribution  in  space.  Small,  relatively  isolated,  local  cottontail 
populations  in  generally  unsuitable  landscapes  may  be  threatened  by  limited  immigration 
and  increased  susceptibility  to  predation  and  hunting  (Edwards  et  al.  1981),  and  thus  be  at 
risk  in  a  metapopulation  context  (Litvaitis  and  Villafuerte  1996). 

Edwards  et  al.  (1981:769)  considered  the  cottontail’s  fate’ in  Illinois  to  be  “.  .  .  linked  in 
some  direct  or  indirect  fashion  to  agriculture,  the  dominant  factor  in  landuse  in  the  state.” 
This  observation  remains  true  for  several  reasons.  First  of  all,  as  the  state’s  primary  land 
use,  farming  directly  impacts  >80%  of  the  Illinois  landscape  (Warner  and  Onstad  1994). 
Secondly,  general  agricultural  systems  and  individual  farming  practices  affect  not  only 
the  composition  and  structure  of  local  vegetative  communities  (i.e.,  site  conditions),  but 
broad  scale  spatial  patterns  as  well  (i.e.,  landscape  conditions).  Both  of  which  influence 
the  distribution  and  abundance  of  upland  wildlife  species  in  Illinois  (Ribic  et  al.  1998). 

Regionally,  cottontails  are  found  primarily  in  those  portions  of  the  state  where  soil 
fertility  and/or  terrain  restrict  row  crop  agriculture  but  do  not  preclude  all  farming.  Even 
in  these  areas,  unfavorable  site  conditions  may  limit  rabbit  abundance.  In  the  flatter,  more 
fertile  portions  of  Illinois,  cottontails  exist  primarily  in  relatively  isolated,  low  density 
populations  occupying  small,  periodically  disturbed  patches  often  associated  with  some 
type  of  human  habitation  or  development.  Barring  major  changes  in  land  use,  this 
situation  will  likely  continue  into  the  foreseeable  future.  The  cottontail’s  moderately 
adaptive  nature,  and  tolerance  for  human  presence,  will  allow  it  to  persist  as  a  widely 
distributed,  relatively  common  component  of  the  Illinois  fauna.  It  will  not,  however, 
regain  status  as  an  abundant  game  species.  This  does  not  represent  a  failure  of  wildlife 
management,  but  is  simply  an  inevitable  consequence  of  changing  land  use.  Cottontails 
can  achieve  and  maintain  high  levels  of  abundance  only  where  grass/forb  communities 
are  relatively  important  components  of  the  landscape.  Such  vegetative  types  are  much 
less  common  in  Illinois  now  than  in  the  past  (Warner  1994),  and  are  likely  to  remain  so. 
Most  land  in  Illinois  now  is  either  intensively  farmed,  developed  for  human  habitation,  or 
left  relatively  undisturbed  (Roseberry  and  Klimstra  1984).  There  simply  are  no  current 
land  use  practices  that  result  in  sufficient  amounts  of  successional  vegetation  to  support 
cottontail  populations  at  high  regional  or  statewide  densities.  Opportunities  for  creation 
of  additional  grassland  habitats  at  the  local  level  are  afforded  by  the  Conservation 
Reserve  Program  (CRP)  and  should  be  aggressively  pursued  by  IDNR  biologists. 
However,  regional  or  statewide  benefits  would  not  be  anticipated  as  only  about  2%  of 
Illinois  is  currently  enrolled  in  this  program. 
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Table  1.  Remotely-sensed  land-cover  classes  used  in  this  study. 


Class 

Predominant  component 

Row  crop 

Com,  soybeans 

Small  grains 

Winter  wheat 

Grassland 

Pasture,  hayfield,  CRP,  early  old  field 

Deciduous  woods^ 

Closed  canopy  deciduous  forest 

Open  canopy  woods*’ 

Late  old  fields,  surface-mined  lands,  parks 

Coniferous  woods** 

Pine  plantations 

Bottomland  woods** 

Temporarily  or  seasonally  flooded  forest 

Orchards-nurseries 

Orchards  and  nurseries 

Water 

Lakes,  rivers,  streams 

Wetlands 

Unforested  marsh,  swamp,  wetlands 

Suburbs 

Residential,  suburban  developments 

Urban 

Urban  core,  major  roadways 

“  Conservation  Reserve  Program 
**  Used  in  calculation  of  woods  edge. 

Table  2.  Landscape  suitability  PATREC  model  for  cottontail  rabbit  in  Illinois. 

Landscape  variable  Conditional  probabilities 

Suitable  Unsuitable 


Contagion  (%) 


<65 

0.85 

0.50 

>65 

0.15 

0.50 

Row  crops  (%) 

<30 

0.05 

0.15 

30-65 

0.80 

0.30 

>65 

0.15 

0.55 

Grassland  (%) 

<15 

0.15 

0.40 

15-30 

0.75 

0.50 

>30 

0.10 

0.10 

Woods  edge  (m/ha) 

<30 

0.15 

0.50 

>30 

0.85 

0.50 
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Table  3.  Landscape  suitability  in  relation  to  county-level  cottontail  harvest  density  in 
Illinois,  1989-93^ 


Landscape  Suitability 

Harvest  Densitv 

Low'’  High' 

Low^^ 

High^ 

47  1 

28  26 

“  =  27.7,  n  =  l,f'<  0.0001 

^  <10/km^ 

'  >10/km^ 

^  <0.4 
'  >0.4 

Table  4.  Landscape  suitability  in  relation  to  mean  counts  of  cottontails  along  Illinois 
Department  of  Natural  Resources  census  routes,  1989-93^ 

Landscape  Suitability 

Mean  Count 

Low*’  High*’ 

Low^^ 

High^ 

25  2 

26  28 

"  =  15.3,  n  =  1,P<  0.0001 


<5 
>5 
<0.3 
"  >0.3 


Figure  1.  Relationships  between  landscape  metrics  and  cottontail  harvest  densities  at  the  county  level,  Illinois,  1989-93.  Horizontal  line 
separates  “high”  and  “low”  population  levels;  vertical  lines  indicate  population  response  points. 
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Figure  2.  Landscape  suitability  indices  versus  county-level  cottontail  harvest  densities, 
1989-93  (top),  and  mean  counts  along  census  routes,  1986-89  (bottom), 
Illinois. 


20.0  -1 

15.0  - 

10.0  - 


0.0  — ■* — I - 1 - - 1  I 

0.0  0.1  0.2  0.3  0.4  0.5 


Landscape  Index 


— I - 1 - 1 

0.6  0.7  0.8 


178 


Figure  3.  County-level  landscape  suitability  index  map  for  cottontails,  Illinois,  ca  1993. 
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Southern  Illinois  University  at  Carbondale 

April  9  &  10, 1999 


Future  Dates 

Year  2000  Meeting 
Augustana  College 

Year  2001  Meeting  -  tentative 
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New  York  Botanical  Garden  Library 


Information  for  Contributors 


3  51 


85  00342  6002 


Submission  Information 
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